JJpnHHan nodeomotiKa k FIAXTy . 


1 Bonpoc. Jl,H(])(])epeHpHajibHoe ypaBHeHHe paBHOBecHH 3iijiepa. 

CoraacHO ochobhomy npHiiumiy CTaraxH, cyMMa npoexijHH Ha 
OCH KOOpflHHaT BCeX CHJI, HCHCTByiOLHHX Ha 3JieMeHTapHbIH 06'bCM, 
naxo^auiMHCH b paBHOBecHH, paBHa Hyjno. B npoTHBHOM cjiynae 
npOHCXOflHJIO 6bl ^BH/KCIIMC aCHflKOCTH. TaKHM o6pa30M, yCJIOBHH 
paBHOBecHB 3JieMeHTapHoro 06'bCMa napajuicjicnuncna 
BbipavKaioi CM CHCTeMoii ypaBHeHHH: 


dp 

_ dx ~ ° 
dp 

_ dy = ° 
dp 

- ps ~Tz = 0 



Phc. 11-2. K BUBoay amjxfiepeHuH- 
BJIbHblX ypaBHeHHH pBBHOBeCHH 
SSjiepa. 


H npc^C'i aBJiMioi co6oii ^H(|K|)cpcnHHajibnbic ypaBHeHHH paBiiOBCCHH 3Mjiepa. HHTerpajiOM sthx 
ypaBHeHHH hbjihctch ochobhoc ypaBHeHHe ra/ip0 ctbthkh. 


2 Bonpoc. OcHOBHoe ypaBHeHHe niapocTaTHKH. YpaBHeHHe IlacKajiH. 

IIpoHHTerpHpoBaB ypaBiicnnH paBHOBecna 3Mjiepa h ynpocTHB nojiynemibiH pe3yjibTaT nojiyHHM 

V 

z H-- const, vum 

pg 

Vl V2 

Zy + — Z 2 + A B y x r0pH30HTa^bHbIX n^OCKOCTeH 

3th ypaBHeHHH hbjihiotch ochobhmmh ypaBHeHHHMH niapocTaTHKH. Bjich z b ypaBHeHHH 
THflpOCTaTHKH, lipCHCTaBJIHIOlHHH C 060 H BbICOTy paCnOJIOHCeHHH jiailllOM TOHKH naao 
npoH3BOJibHO Bbi 6 pamiOH njiocKOCTbio cpaBiiciiMx, naabiBaeiCH hhbcjihphoh bmcotoh. 
BejiHHHHy^ Ha3biBaiOT HanopoM .qaBJieHHH, hjih nbe30MeTpHHecKHM HanopoM. 

CjicaoBarcJibiio, coraacHO ocHOBHOMy ypaBHeHHio ra/ipo ctbthkh, ^jib xaacflOH tohkh 
nOKOBHieHCB HCHflKOCTH CyMMa HHBCJIHpnOH BbICOTbl H 11 bC30 MC'ip H HCC KOI 0 Hanopa eCTb 
BejiHHHHa nocToaHHaa. Taxace 3th HJieHbi hmciot onpcacjicmibiii sncpiciHMecKHH CMbieji. 
HHBejinpHaa BbicoTa hjih reoMeTpHnecxHH Hanop, xapaxTeproyeT y/iejibiiyio noTeHH,HajibHyio 
3HeprHK) nojioaceHHa namiofi tohkh nan BbiSpamioii iuiocxocTbio, a nbe30MeTpHHecxHH Hanop - 
yacjibiiyio noTeHH,HajibHyio oncprmo naBjieHHH b stoh tohkc. Ocnoenoe ypaenenue 
zudpocmamuKu - nacmnuu cjiynau 3 aKona coxpaneHUH suepzuu (ydenbiuiH nomemjucuibHan 
j/tepeuH 60 Hcex moHKax noKOHipeucH otcudKocmu - eemimma nocmonmciH). Ochobhoc 
ypaBHeHHe rnnpo ctbthkh mohcho 3anHcaTb no-npyroMy: p — p 0 + pgAh. Taxoe ypaBHeHHe 
hbjihctch BbipaaceHHeM 3aKOHa IlacKajia, coraacHO KOTopoMy naBJicnnc, comaBaeMoe b jho6oh 
TOHKe noKoameiica n c c ac 11 m ac mo ii acmiKOcm, nepenaeTCH onmiaKOBO BceM TOHKaM ee 06'bCMa. 


3 Bonpoc. HeKOTopbie npaKTHHecKHe npHJioaceHHH ocHOBHoro ypaBHeHHH rnnpocTaTHKH. 

OcHOBHoe ypaBHeHHe ranp 0ctbthkh , BbipaacaeMoe nacTO b bhjic aaxoiia IlacKajia, HMeeT pan 
BaacHbix npaKTHHecKHx npHJioaceHHH. 

• IIpHHH,Hn COoSlIiaiOLHMXCH COCyflOB: B OTKpbITbIX HJIH 3aKpbITbIX Haxoflamnxca IIOJI 
OflHHaKOBbiM aaBJieiiHCM coo6maiomHxca cocynax, 3anojiHeHHbix onuoponnoii 
acH^KOCTbio, ypoBHH ee pacnojiaraioTca Ha onnoii BbicoTe He3aBHCHMO ot c|)op\ibi h 
nonepenHoro ccmciihm cocynoB (Bonoiviepnoe CTeKJio). Taxace, b cooSmaiomHxca 



cocyaax, BbicoTbi ypoBiicii paBiiopoanbix /Khhkoctch naa noBepxHOCTbio hx paaacjia 
oopamo nponopuHonajibiibi iiJioi iiociaM 3 thx /khhkoctch. 

• Ecjih ^aBJieHHe Haa ypoBHeM >khakocth b cooSmaiomHxca cocyaax pa3Hoe, to pa3HOCTb 

ypOBIICH /KHHKOCTCH II pa MO npOnOpiIHOHajIbHO 3aBHCHT OT pa3HOCTH aaBJICHHH (U- 
o6pa3HbIH MaHOMeTp) 

• Tax>Ke yaiOBMH paBiiOBCCua /khhkoctch b cooSmaioiHHxca cocyaax Hcnojib3yiOT jtjih 
onpcncjiciiHa BbicoTbi rnapaBJinHCCKOio 3aTBopa b paajinmibix annapaTax. 


4 Bonpoc. Ilepe/iaBJiHBaHHe (nepeKaniiBaHiie) acHaKOCTeft aaBJiemieM ra3a hjih BaicyyMOM. 


5 Bonpoc. 3aKOH TpemiH HbioTOHa. Ko3<])<])imHeHTbi bh3kocth. BjiiiHHiie aaBJieHHH h 
TeMnepaTypw Ha BH3KOCTb. 

CbOHCTBO /KHHKOCTH OKa 3 bIBaTb COnpOTHBJieHHe yCHJIHBM, BbI 3 bIBaiOmHM OTHOCHTeJIbHOe 
nepeMemeHHe ero nacTHu,, iiaTbiBacrca bjbkoctbk). BoannKaiomaa BHyrpH >khhkocth cnjia 
conpoTHBJieHHa paBHa npHJio>KeHHOH CHJie T h HanpaBJieHa b npoTHBonojio>KHyio CTopoHy. 
OTHomeHHe stoh chjibi k noBepxHOCTH conpuKocnoBCiiHa cjiocb oSoanawaioT ncpca t h 
H a 3 biBaiOT iianp«>KCiiHCM BHyrpeHHero Tpcnna (caenra). 
dw dw 

t — —fj.—— , rae —--rpa^neHT ckopocth (Bceraa OTpupaTeneH) 

dn dn 

3 to 3 aKOH BHyTpeHHero rpciiHa HbioTOHa, coraacHO KOTopoMy nanpa>Kei[HC BHyrpeHHero 


TpeHHa, B 03 iiHKaiouiee Moray cjiobmh /Khhkocth npn ee tchciihh, npavio nponopn,HOHajibHO 
rpaaHCH'iy CKOpOCTH. jl - H H 11 a M H H C C K H H K03(j)(J)HII,HeHT BB3KOCTH (\fl\ — | H ^ j), y - 

KHHeMaTHHeCKHH K03(})(J)HII,HeHT BA3KOCTH ([v] = [“"])• Bfl3KOCTb KailCJIbllblX >KHHKOCTeH liaaaCT 

c noBbimeHHeM TeMnepaTypbi (B3aHMoneiiCTBHe Moray MoaeryaaMH), BaaKocib Kancjibiibix 
ra30B iiOBbimacTca c noBbimeHHeM TeMnepaTypbi (MOJiCKyjiapno-KHiiCTHHCCKaa npnpoaa 
BB3KOCTH). IlpH yMepeHHOM aaBJiciiHH BX3KOCTB ra30B He h3mci[hich ao onpene-nemioro 
aaBJiciiHa. HbiOTOHOBCKne >KHaKOCTH noaHHiiaiorca 3axoHy BHyrpeHHero Tpcnna. 


6 Bonpoc. HeHblOTOHOBCKHe JKHaKOCTH. 

HblOTOHOBCKHe >KHaKOCTH - He HOHHHIiaiOTCa 3aKOIiy HblOTOHa. B»3KOCTb HeHblOTOHOBCKHX 
>KHaKOCTeH npn aaHHbix t h p He oc'i aci ca nocToamiOH, a HTMcnacrca b 3aBHCHMOCTH ot ckopocth 
casHra hjih rpaancma CKopoei H. 

1. Ba3 KHC HeHblOTOHOBCKHe >KHaKOCTH 

^ = / CO He 3aBHCHT OT BpeMCHH 

a) BHHraMOBCKHe luiacTHmibic, npn Maabix r iicckojibko aef|)opMHpyiorca h 

HanHHaiOT rcHb npn noBbimeHHH r ao npeaeJia TCKynccTH, iiocjic Hero Tcryi 

_ dw 

nOaOOHO HblOTOHOBCKHM 5KHHKOCTJIM U - = T — T n 

dn 

b) nceBHOlIJiaCTHHIIblC >KHaKOCTH, HaHHHaiOT TCHb KaK HblOTOHOBCKHe npH T = 

k(—)m rac k - Mepa KOHCHCTeHIJ,HH >KHaKOCTH, m - HHaeKC TCHClIHa, HCM 
dn 

MeHbuie TeM 6 ojicc iiciibio ronoBCKaa >KHaKOCTb. 

c) ^HJiaramiibic >KHaKOCTH c yBCJiHHCiiHCM ^ yBCJiHHHBaerea ji, m>l 

2. 3aBHCHMOCTb ^ — /(t) - 3aBHCHT OT BpeMeHH 

a) THKCOTpOnHbie >KHaKOCTH. C yBCJIHHCHHCM IipOaOJI/KHrCJIbllOCIH eaBHra 
rcKyHcei b yBCJiHHHBaerea, iiocjic cuaina iianpaareiiHa nepecTaeT ichb 

b) PeonercHbie mhhkocth. TcKynccTb yMCiibiriaciea c yBCJinncnncM 
iipoaoji/KHicjibiioci H eaBHra. 

3. Ba3Koynpyi HC (MaKCBCJuiOBCKne) rcKyr npn r, ho iiocjic cuaina Boec'iaiiaBJiHBaioi 
(JiopMy noaobHO TBepaoMy Teay. 



7 Bonpoc. PeacHMbi TeneHiiH noTOKOB. KpHTepmi PeiiHOJibaca Re. IIpo<])HJiH CKopocTeii 
iiotokob npn pa^JiHHHbix peacHMax. Cpe/jHaa cicopocTb. 

,H,BH>KeHHe, npn kotopom naciHLibi /Kh^kocih ^BH/Kyicx no napajuiejibHbiM TpaeKTopHaM, 
naibiBaciCM naMHHapHbiM, a iicyiiopM^OMcnnoc h c nepecexaiomHMHca TpaexTopH»M, 
naibiBaci ca lypSyjicimibiM. B Typ6yjieHTHOM noTOKe npoHCxo#HT nyjibcauna CKopocrcii. OnbiT 
noKa3WBaeT, hto nepexofl ot JiaMHHapHoro k ryp6yjicm iiOMy npoHCxo^HT TeM jici mc, hcm 
oojibuie MaccoBaa cxopocTb /Xhjikocth pW h nHaMcrp ipy6bi d h hcm MeHbine bjbxoctb 
>XHflXOCTH. Re = wdp/p - Mepa COOTHOHieHHH [YlC/KJiy CHJiaMH B33XOCTH H MIICpHMH B JIBMVKyLHCM 
noTOKe. IlepexoA ot JiaMHHapHoro k iyp6yjicmnoMy xapaxTepH3yeTca xpHTHHecxHMH 
aiianciiHCM Re Kp . Re< 2320 - odjiaci b ycTOHHHBoro JiaMHHapHoro pe>KHMa. 2320< Re < 10000 
HeycTOHHHBO lypOyjicimibiH (iiepexojHibiii). Re > 10000 ycroiiMiiBbiii rypdyjicm iibiti 

(pa3BHTbiii). B Bbipa>KeHHe fljia xpHTepna peiinojibjica bxo/ihi cp. cxopocTb noTOxa w= V/S. 
/ICHCTBHTCJIbllblC CKOpOCTH /KHJJKOCICH lICOJIHIiaKOBBI B pa3JIHHHbIX 10 H XaX CCHClIlia 
TpydonpoBOfla. 

8 Bonpoc. PeacHMbi noTOKa b H3orHyTbix TpySax, b TpySax He Kpyrjioro ceneHHH. 
3KBHBaJieHTHbIH anaMeTp. 

ripH JJBH/KCIIHH /KIIJIKOCTH HCpC3 IIJIOLIiajlb HOIICpCHIIOlO CCHClIHa, OTJIHHHOrO OT 0, B XaHCCTBC 
pacMcmoio jiHHeiiHoro pa3Mepa npHHHMaiOT 3XBHBajieHTHbiii unaMcrp juia Kpyuibix Tpy6 
d 3 =4S/ji. 3KBHBajieHTHbiii jniaMcrp = jniaMcrp ihiioicimhcckoio Tpy6oiipoBO.ua Kpyrjioro 
ccMCiiHa, jjjia xoToporo OTHOineHHe S k CMOMCiniOMy nepHMeTpy n to ace, hto h jtjih uamioro 
Tpy6onpoBO.ua Hexpyrjioro ceneHHa. fljia npaMoyrojibHbix KanajiOB d 3 =2ab/(a+b), jtjih KJianaHa 
KOJibn,eBoro nonepenHoro ceicnna d 3 =d H -d B 

yCi ailOBHBLLIHHCH (CTaiI,HOHapHbIH) nOTOK - CKOpOCTb HaCTHH, nOTOKa, a TaX/XC nJIOTHOCTb, t, p He 
H3MeHaiOTca bo BpeMeHH. PacxouBi >xhuxocth nocroamibi bo BpeMeHH. Ilpn ibkom ubmvkciihh 

jho6oh napaMeTp movkci HMeTb pa3JiHHHbie inaicnMa b pa3Hbix Tonxax, ho b jho6oh tohxc He 

dw x _ 

H3MeHHTca co BpeMeHeM. —— ^ 0 b HenpepbiBHbix npou,eccax. 

Heyc'ianoBHBiiiHHCM nOTOK - (jiaxTopbi Mcnaiorca co BpeMeHeM. ^ 0b ncpnouMHCCKiix 
npou,eccax 

9 Bonpoc. YpaBHeHHe pacxoua h ypaBHeHHe Hepa3pbiBHOCTH (chjiouihocth) noTOKa. 

YCTaHOBHM odmyio 3aBHCHMOCTb MC/KJiy CKOpOCTH\1H B nOTOKe aCHUXOCTCH, JTJIH KOTOpOTO 
codjuoflaeTca ycjiOBHe chjioihhocth hjih Hepa3pi>iBHOCTH hbh/KCiihh, T.e. He o6pa3yeT nycTOT, He 
3anojiHeHHbix acnuxocTbio. Bbiucjihm BHyipn noTOKa 3JieMeHTapHbiii napajniejienHneu, o6bcmom 
dv=dxdydz, pedpa xoToporo opHeHTHpoBaHbi napajniejibHO ocbm xoopumiaT. IlycTb 
cocTaBjiaiomaa cxopocTH noTOxa Bjjojib och x b TOHxax, Jieacamnx Ha jieBOH rpaHH 
napajiJicjicnHncua inioiuaubio ds=dydz, paBHa w x . Torua, ncpea 3Ty rpaHb b napajniejienHneu 
bohuct buojib och x 3a cjiHiiHLiy BpeMeHH Macca acnuxocTH pwxdydz, a 3 a npoMeacyrox BpeMeHH 
dt - Macca acnuxocTH. M x = pwfdydzdx Ha npoTHBonojioacHoii CTopoHe iiapajuicjiciimiena 
cxopocTb h njiOTHOCTb Moryr OTJiHnaTbca ot cooTBeTCTByiomHx Ha JieBOH rpaHH. nojiyiacTCH, 
npnpameHHe Maccbi acnuxocTH b napajniejienHneue: dM * = dxdydzdx 

TaxHM o6pa30M odmee HaxonjieHHe Maccw acnuxocTH b napajuicjicnmicuc 3 a BpeMa dt paBHO 
cyMMe npnpameHHH bhojib Bcex ocen KoopHniiar: iM = -[ ax h—h—^—J <** 

, ho H3MeHeHHe Maccw b nojiHOCTbio 3anojiHeHHOM /Xhhkocibio iiapajuicjiciiHiiCHC bo3mo>xho 
TOJI bXO BCJICHC'I BHC H3MCIICIIHM njiOTHOCTb >XHflXOCTH. HosTOMy: dM = sr dxd y dzd ^ ? npHpaBHHBaeM 

dp , d(p01 x ) d(pw y ) a (PM);) 

flBa ypaBHemia, nepeHOCHM Bee b o^Hy CTopoHy h nojiynaeM st 1 * + a? + , hjih 

jiMf|K|)epciniHaj[biioe ypaBHeHHe Hepa3pbiBHOCTH noTOxa jtjih iicyciaiiOBUBuicrocH jiBH/xeiiHa 

c>XHMaeMOH /Xhjikoci h. B ycianoBMBiiiCMOi noTOxe njiOTHOCTb He HiMCiiMCica bo BpeMeHH h, 
a (fro,) , a (p w„) , a(p®j „ „ 

CJieflOBaTejibHO - ar -4 " - ar" +— s -_ . /J,j i5i xanejibHbix /Xhjjkoctch, xoTopwe npaxTHHecxn 
Hec>XHMaeMbi p=const h ir' +- ^ L+_ dr“ # . IlcpciijiCM ot jiM(|K|)epcmiHaj[bnoii (JjopMbi x 
HHTerpajibHoii. Ecjih luiomajib ceneHHa ipydonpoBOjia He HiMcmuiacb, to, Hincrpupya, nojiynHM 



pw=const. Ecjih S nepeMeHHa, nojiynHM pwS=const. 3to h cob ypaBHeHHe ncpaipbiBiiociH 
(cnnomHOCTH) noTOKa b ero HnrerpajibHOH (fiopMC ^ jib ycianoBHBincioca hbm/KCiimh hjih 
ypaBHeHHe nocioamioro pacxofla. CoraacHO eMy, npn yeiaiiOBuiHCMCH hbh/KCiihh /khhkocth, 
nojiHOCTbio 3anoj[iHnouiCH ipySonpoBoa, L icpe3 KavKHoe Kero nonepenHoe cenemie npoxo^HT b 
CHHiiHuy BpeMeHH oana h Ta >Ke Macca /Khhkocth. 


10 Bonpoc. YpaBHeHHe BepHyjiJiH (ajia H/jeajibHOH h peajibHoii hch/ikocth) 

' p w 2 

2 -f- —— “o ~T — Const 

p s Z S - ia Bcex nonepeHHbix ceneHHH yciaiiOBHBmeroca noTOKa 

HHcajibiiOH >KHflKOCTH inapon h i[aM hmcckhh noTOK ocracTCx HeH3MeHHbiM - ypaBHeHHe EepHyjuiH 
fljia HHcajibiiOH /Khhkocih, nojiy L iaerc>t pemeHHeM ypaBHeHHH 3inicpa ^jib ycianoBUBuieroca 
noTOKa vkhhkocth. CyMMy b jicboh nacTH ypaBHeHHH Ha3biBaiOT nojiHbiM i h apoa h 11a mhh cc khm 
H anopoM. IlepBbie hbb cjiaraeMbix - CTaTHHecKHH Hanop, noaicxuice - a h 11a mhh cc khh Hanop. 
TaKHM o6pa30M, ypaBHeHHe EepHyjuiH xbjixctch nacTHbiM aiynaeM 3aKOHa coxpancnux 3HeprHH 
h Bbipa>KaeT ancpici HHecKHH oajianc noTOKa. Ilpn hbh/KCiihh peajibHbix /Khhkoctch naMHiiaioi 
ACHC i BOBai b CHJibi BHyrpeHHero h BHeniHero rpcii mh cjiocb vkmhkoctch. IIosTOMy b ypaBHeHHH 
EepHyjuiH BBOflaT cjiaraeMoe iiOTcpamioro Hanopa, KOTopoe xapaKTepH3yeT yacjibiiyio siicprmo, 


pacxoaycMyio Ha npeoaojiciiHC i napaBJiHMCCKoro conpoTHBjieHHH npn hbh/KCiihh peajibHOH 

. ■ Pi | ^ ^ | Pi , ^ \ h 
>KHflKOCTH: 1 P# 2g iT pg ' 2g ' r n 


11 Bonpoc. PaOoTa /jii<|)<])y 3 opa h KOH(J)y 3 opa 

1. ,H,H(f)(J)y3op - npeo6pa30BaTejib CKopocTHoro (aHiiaMHMCCKOio) 
Hanopa b CTaTHHecKHH. 3 a chct njiaBHoro yBCJiHHCinni luiouiaan 
ceneHHH, coraacHO ypaBHeHHH) EepHyjin, KHncinHCCKaa nacib 
3HeprHH Hanopa ncpexo/iHi b noTCiiHuajibiiyio (npaKTHnecKH 



OTcyrcTByeT i peiiHC o CTeHKH KOHyca npn jiaMHHapHOM tchciihh >kh,ukocth) 


2. Kon(|)y3op - npeo6pa30BaTejib eiaiHHCCKoro Hanopa b 
flHHaMHnecKHH. IIpHHH,Hn paSoTbi HHaMcrpajibiio npoTHBonojioaceH 
npnHH,Hny paSoibi HH(|)(|)y3opa. 3 a chci njiaBHoro yMcnbincnnH 
njioma^H ceneHHH, coraacHO ypaBHeHHH) EepHyjin, iio i cnuHajibnaH 
nacTb 3HeprHH Hanopa nepexo^HT b KHHeTHHecKyio (npaKTHnecKH 



OTcyrcTByeT OTJiHnaHHe vkmhkocth ot ctciiok KOHyca npn JiaMHHapHOM tchciihh 
HCH flKOCTH) 


12 Bonpoc. HcTeneHiie >kh/ikocth nepe3 OTBepcme. 

OnpcacjiHM pacxoji vkhhkocth npn ee hctchciihh ncpea Kpyrjioe oi Bepci HC b tohkom jhihihc 
OTKpbiToro cocyaa, b kotopom noxuicp/K h BaeiCM nocroHinibiH ypoBeHb H >kh,ukocth. Q - 
oSbeMHbiii pacxofl hch^kocth: Q — aS 0 ^j2gH, r#e a - K03(})(J)HH,HeHT pacxofla h paBeH a=cps 

(K03(J)(J)HH,HeHTbI CKOpOCTH H CHCaTHH CTpyH). TaKHM o6pa30M, paCXOJI HCHflKOCTH, BbITCKaiOLHHH 
HCpC3 OTBepCTHe B TOHKOM JHIHLHC, 3aBHCHT OT BbICOTbl nOCTOHHHOTO ypOBHH HCHflKOCTH liajl 
OTBepcTHeM h ot pa3Mepa OTBepcTHH, ho He ot (j)opMbi cocyaa. PaccMOTpHM hctchciihc 


hch^kocth H3 cocy^a npn nepeMeHHOM ypoBHe /Khhkocth c u,ejibio onpcncjiciiHH BpeMeHH 
onopo>KHeHHH cocyflOB. ripou,ecc hocht HecTau,HOHapHbiH xapaKTep. dV = Qdr — aS 0 ^/2gHdr 

dV — —SdH. Ilocjie npupaBiiMBaiiHa, ynpoinenHa h HmcipHpoBaiiHa: r = — v 1 p= 2 . 

oS 0 g2g 


CoOTBeTCTBeHHO npn nOJIHOM HCTeKaHHH H2=0. 


13 Bonpoc. MepHoe conjio. MepHaa /jHa(|)parMa. Tpy6a BeHTypn. 

TlllllblC lipHOOpbl HBJHHOTCH HpOCCCJIbllblMH, npHHH,Hn HCHCIBHH KOTOpbIX OCHOBaH Ha 
H3MepeHHH nepenaaa aaBJiciiHH npn H3MeHeHHH nonepcmioi o ceneHHH i pySonpoBoaa. 



Mepnan duatppazMa. IIpeacTaBJuieT co6oh tohkhh ^hck c oiBcpcxncM 
Kpyrjioro cc i icnna, uenxp KOToporo pacnojiovKcn Ha och xpy6bi. 

Mepnoe conjio. 51 bj ihcich HacaaxoM, hmciolhhm njiaBHO 
3aKpyraeHHbIH BXOA H HHJIHIiapHHCCKHH BbIXOfl. 
/lH(])(|)\iai[OMcpib[ MepHbix coneji iipncocaHiiaiox k 
xpySonpoBoay ncpca KOJibu,eBbie KaMepbi, cocanncmibic c 
BHyTpeHHHM npOCTpaHCTBOM ipySonpOBOaa 0'IBCpC'IHXMH HJIH a By MM KaHajiaMH. 

Tpy6a Bemnypu. HMeeT nocTeneHHO cyvKaioixiccca 
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ccmciihc, KOTopoe 3aTeM pacniHpaeTca ao ncpBona L iajibnoro 
pa3Mepa. BcjicacxBnc xaxoH (|)op\ibi xpy6bi Bcnxypn, noxepa 
aaBJicuna b Heil MeHbrne, hcm b anaijipaiMax hjih comiax. 
BMecTe c xcm aJinna Tpy6bi Bcnxypn ohciib BCJinxa no cpaBHeHHio c iojilhhiioh ana(|)parMbi hjih 
coiuia, KOTopbie Moryr 6biTb ycxanoBJiciibi MC>Kay (|uianHa\iH Tpy6onpoBoaa. OSbCMiibin pacxoa 

h cpcanaa cxopocTb >KHaKOCTH b apocccjibHbix npn6opax: 


(4)* h “’ = “(4 


14 Bonpoc. TpySica nHTO-IIpaH/iTJifl. 

Tpy6xa 



nnxo-nipanaxjia aBJiacica m i c b mi i o m exp n h cc ko n 
TpySKOH. ElBJiacxca KOM6HHau,HeH xpySxH IIhto (aJia nxMcpcnna 
hojihoio Hanopa) h HanopHOH rpySun aJia nxMcpcnna 
CiaiHHCCKOlO Hanopa. Pa3HHH,a MC/Kay nOJIIIb[M H CXaXHHCCKHM 
aaBaeHHBMH nOTOKOB MO/KCI 6bITb H3MepeHa C HOMOLHblO 
MaHOMeTpa h aBJiacica a n 11 a m n h c c k n \i aaBJicnncM, couiacno 
ypaBHeHHio BcpnyjuiH. Cootbotctbchho, noxBOJiaex Bbinncjinib 


cxopocTb, a, CJicaoBaicjibiio, h pacxoa acnaicocTH b aannoM cchciihh. 


15 Bonpoc. OnpeaejieHHe pacxoaa oHepran Ha nepeMemeHHe acnaKocTH. 

TaKHM o6pa30M, ypaBiicnnc BcpnyjuiH aBJiacica nacinbiM cjiynacM 3axona coxpanciiHa ancprnn 
h Bbipaacaex onepi CTHHCCKHH 6aaaHC noTOKa. Ilpn aBH/Kcnnn peaabHbix /KnaKocxcn nawnnaiox 
acHCTBOBaxb CHJibi BHyrpeHHero h BHeniHero xpcnna cjiocb /Knaxocxcn. IlooTOMy b ypaBHeHnn 
BcpnyjuiH BBoaax cjiaracMOC noxcpannoro Hanopa, KOTopoe xapaxicpnaycx yacjibiiyio ancprnio, 
pacxoayeMyio Ha iipcoaojiciinc rnapaBJinHCCKoro conpoiHBJicnna iip h aBH/KCiinn peaabHOH 
acnaKOCTH. Ecjih yMHoacHTb o6e nacTH ypaBiicuna Ha yacjibiibiri Bee acnaicocTH, to ypaBHeHHe 

pa>l pa£ 

1 l 1 “4“ P 1 -1— -— 1 DPZn “f" Do 4* 4- AOn w 

BepHyjiH npHMeT cjie/jyiomHH bha: 2 2 , r^e kb^^bih hjich Bbipa^caeT 

yacjibiiyio 3Heprmo OTHeceHHyio k eaHHHH,e o6beMa acHaxocTH. 


16 Bonpoc. Bbi6op moiuhocth Hacoca. 

06inaa pa3HOCTb aaBJiennn, ncoSxoanMaa aJia ncpcKannBanna /KnaKoexn c pacxoaoM VI, m3/c: 
APo6m A Pnoa^A P^orfEA Pckop^A PxpeH^A PMec.conp- 

AP 0 6m xpcSycxca aJia pacncxa mohjhocxh Hacoca, Bcnxnjiaxopa, Koxopwc ncoSxoanMO 
ycTaHOBHTb aJia o6eciic L icnna pa6oTbi jihiihh. H 3 x c p m 0 a n 11 a mhkh h3bcctho, hto pa6oxa chji 
aaBJicuna Moacex 6biTb npeacxaBJicna, xax npoH3BeaeHHe nepenaaa aaBJicuna Ha o6beM, a pa6oxa 
b eaHHHH,y BpeMeHH (moixuiocib) paBHa npoH3BeacHHio nepenaaa aaBJicuna AP 0 6m Ha oSbCMiibin 
pacxoa Q, N T eop=AP 0 6u I Q; 

flaaee nonpaBKa Ha peaabHbie ycjiOBna - Krifl h kBt: 

N = Ap 0 6m*Q = p gH Q1000r| 

OSbiHHO BbiSop aBnrarcjia aeJiaioT c 3anacoM Ha B03M0>KHbie neperpy3KH. Koa(})4)Hu,HeHT 3anaca 
naxoaax b cnpaBOHHHKax. Pacnci molhiioc i h KOMnpeccopoB, BcnxnjiaxopoB bbicokoto aaBJicuna 
no 3thm (jiopMyjiaM bccth ncjib ja, t.k. nxMcnacxca p,t h pacnex BeayT no rep m oan 11a\in h cc k n m 
(|)op\iyjiaM. 





















































17 Bonpoc. rnapaBJiKHecKoe conpoTHBJieHHe TpySonpoBO/joB npii JiaMHHapHOM peacHMe 
((JiopMyjia rareHa-IIyaseHJiJi) h npn TypSyjieHTHOM peacHMe ((JiopMyjia JJapcH-BeiicSaxa). 
ConpoTHBJieHHe TpeHHH b iMeeBHKax h TpySax HeKpyrjioro ceHeHHH. 

IIoTepH Hanopa b rpySonpoBOjic b o6meM aiynae o6ycjiaBjiHBaeTca conpoTHBJieHHeM rpciiMH 
(cymecTByeT npn jibhvkciihh peajibiioii /Khukocth no Been jtj i m irc Tpy6oiipoBO.ua, pe>KHM tchciihh 
CHJI bHO BJIMHC'l) H MeCTHbIMH COnpOTHBJieHHHMH (B03HHKaK)T npn J[lo6bIX H3MCIICIIHMX CKOpOCTH 
noTOKa n ero nanpaBJienmi). B cjiynae jiaMHHapHoro jibhvkciihm i lo i epn Hanopa Ha TpeHne movkct 
6biTb onpcucjicna Ha ocHOBamni ypaBHeHHH raicna-nyaBCHJiH (pacxou /Khukocth npn 

JiaMHHapHOM TeneHHH no Kpyrjion npHMoii ipy6e i 28 m' ). Ilpn JiaMHHapHOM tchciihm no 

64 / w 3 64 1 

npaMOH rjia^KOH Tpyoe npnneM A — — h ( Tp = A- (koocJ). conp.TpeHna), 

nooTOMy Prv = d ' 2 ((|)op\iyjia ^apcH-BeiicSaxa). YpaBHemie toto nee biijih mohcct 6biTb 
Hcnojib30BaHO fljia oiipeucjiciinH noTepb Hanopa Ha TpeHne npn iyp6yjicmiiOM ubh/KCiihh 
hchukocth. OjniaKO BbipanceHHe jjjih K 03(|)(l)HHHcm a i pcnHH b .aainiOM cjiynae He mohcct 6biTb 
BblBCUClIO TCOpCTHHCCKM H3-3a HeB03M0>KH0CTH pCLUCIHIH JJJIX TaKOTO nOTOKa ypaBHeHHH HaBbe- 
CTOKca. IlooTOMy pacicxiibic ypaBHeHHH nojiynaiOT o6o6meHHeM pe3yjibTaTOB 


OKcnepHMeHTOB.Fit = —p — ARe m 


HJIH /l T 


(l\ q w 2 

VdJ KaHajiOB HeKpyrjioro 


CCHCIIMH B ypaBHeHHH BMeCTO JJHaMCi pa IIOUCiaBJIHIOT OKBHBajieHTHblH JIMBMCi p, npHMCM X = — 
rjjc B - K03(J)(J)HII,HeHT, BliaiCHHC KOTOpOrO 3aBHCHT OT (|)Op\I bl lIOnepCHIIOrO CCHCIIMH. 


18 Bonpoc. MeTO/ibi onpeueJieHHH noTepb uaBJieHHH Ha npeouoJieHHe MecTHbix 
COnpOTHBJieHHH. 

IIoTepH Hanopa b mccthbix conpoTHBJieHHHx, KaK h norpcH Ha TpeHne, Bbipavraior nepea 
ckopocthoh Hanop. OTHomeHHe noTepn Hanopa h M .c. b uamiOM mcciiiom conpoTHBJieHHH k 

Vl/2 

CKopocTHOMy Hanopy h CK = — Ha3biBaioT ko3(|k|)hhhci[tom noTepb inepiwi b mcciiiom 

2 9 

conpoTHBJieHHH HJIH npOCTO K03(|)(|)HUHCm0M MCCTIIOIO ConpoTHBJieHHH H 000311343101 HCpC3 

Vl/2 

C, m.c. Torua, cyMMapHO u-uh Bcex MecTHbix conpoTHBJieHHH Tpy6onpoBo.ua h MC — Z^ MC —. 

2 9 

K03(J)(J)HII,HeHTbI pa3JIHHHbIX MeCTHbIX COnpOTHBJICHHH liaXOJHH OnbITHbIM nyreM H HX 3lia4CIIHH 
mo>kho HaiiTH b cnpaBOHHOH jiHTepaType. 


19 Bonpoc. Onpe/ieJieHHe Hanopa h pacxoua 3HepniH, HeoSxouHMbix /jjih nepeMemeHHH 
noTOKa. 


H 3 ypaBHeHHH BepHyjuiH jijim hjiockocth 0-0 h 1-1 
naxojiHM yjicjibiibic 3iiepriiii noTOKa Ha bxouc h bbixojic 
H3 Hacoca h, BbiHHTaa ouho H3 upyroro, nojiynaeM Hanop 

H=H, + P » ~ - g° - 4- h a 
Hacoca: p g 

Hanop Hacoca paBeH cyMMe Tpex cjiaraeMbix: BbicoTbi 
HOJIbCMa /KHJIKOCITI B HaCOCe, p33H0CTH JiaBJIClIHH B 
HanopHoii h npHeMHOH cmkocthx h cyMMapHoro 
I HJipaBJIHMCCKOlO COnpOTHBJieHHB BO BCaCbIBaiOmeM H 
HaraeTaTejibHOM rpySoiipoBOuax. ^jin uciiCTByiouicro 
Hacoca Hanop mohcct 6biTb oiipeucjicn KaK cyMMa 
noKa33HHH MaHOMeTpa h BaKyyMMeTpa h pac ctohhhh no 
BepTHKajIH MC/KJiy T0HK3MH paCIIOJIOVKCHHH 3THX 
npHSopoB. 




20 eonpoc. PacneT anaivieTpa Tpy6onpoBoaa 11 m.ioop onTHMajibHoft ckopocth noTOKa. 

IIpH 3a^amiOH lipOH3BO,UHTCJIbl[OCTH ^HaMC'ip TpySonpOBOfla MO)KeT 6bITb BbIHHCJICII H3 

ypaBHeHHa pacxofla: Q — wS — w ^—> d — TaKHM o6pa30M, pa3Mep d TpydonpoBOfla 

0flH03HanH0 oiipcacjiacica BbidopoM anaHcnna ckopocth aBM/Kcnnx )kh,t(kocth. l Icm oojibinc 
Bbidpana w, TeM MeHbine oyacx d, TeM MeHbine 3aTpaT Ha ero H3roTOBJieHHe, Koncnnaa ctohmoctb 
h o6cjiy>KHBaHHe. BMecTe c TeM, npn oojibinnx w yBCJiHHUBaiorca iiorcpn Hanopa, T.e. 
yBejiHHHBaeTca iiepenaa p, 3aTpaTbi oiieprun Ha nepcMeiHcnuc. Ilpn onTHMajibHOM d 
ooeciiCMHBaioi ca min 3aTpaTbi. Mcxoaa H3 tcx i i h ko- 3 ko i i o m h h cc k hx cooopavKcnnii ycTaHOBJieHbi 
pCKOMCimyCMblC lipcacjlbl H3MeHeHH3 CKOpOCTH /KHaKOC'I Cii, ra30B H napOB. 


21 Bonpoc. OcHOBHbie napaMeTpw Hacocos. Il,eHTpo6e>KHbie Hacocbi. 

1. IIpoH3BOflHTejibHOCTb (no^ana) Q 


2. Hanop H (yxi. sHepraa, ncpcaaBacMax HacocoM) 

3. Ilojie3Haa MomHOCTb N n =yQH=pgQH 
(3aTpanHBaeMaa HacocoM Ha coodmemie 
>KHflKOCTH hjih ra3y 3HeprHH p) 

4. MOHIHOCTb Ha 1 ??? Ne= N n /r| 

5. Ko3(J)(j)HH,HeHT nojie3Horo .uchctbhh r) 

6. HoMHiiajibiiaa Moumocib aBHiaicjia 

N^b = N n/T| o6m 

7. IlOJIHblH Knfl yCTaHOBKH p 0 6m= P+ P.IB 

8. yCTaHOBOHHaa Moumoci b aBHi ai cjia N yCT =b N ;i[i 

L(eHmpo6ejKHbiu nacoc. 1 - BcacbiBaiomnii 

TpydonpoBOA, 2 - padonee KOJieco, 3 - Kopnyc, 4 - 
jionacTH, 5 - HarHeTaTejibHbiH ipydonpoBOii. H 3 1 
>KHflKOCTb nocTynaeT Baoab 2 b 3, nonaaacT Ha 4, 
iipnoopciac'i Bpauiaicjibiioe /ibh/KCiihc. 



Hem podoKiiaa cnjia ordpacbiBacr VKnaKOCib b KaHaji. H 3 ypaBncnna BepHyjuiH: npoHCxo^HT 


npeo6pa30BaHHe khiicthhcckoh 3HeprHH noTOKa b craiTmccKHii Hanop, mto ooecncMHBaci 



noBbimeHHe zuiBJienna >kh/ikocth. Ha Bxoac b 
KOJ ieca co3aacxca noHH>KeHHoe .aaBJiennc, h 
>KH flKOCTb H3 npHeMHOH eMKOCTH HenpepbiBHO 
nocTynaeT b Hacoc. Ilcpca nycxoM 3ajiHBaioT 
>KHflKOCTbK) noTOMy Kax pa3pe»:eHHe, 
coaaaBacMoe BpamciiHCM KOJieca 

ncaoc'iaiomioe jpm noanaina )kh,t(kocth. 
MHosocmynemanibie nacocbi. 1 - padonce 
KOJieco, 2 - Kopnyc, 3 - Ban, 4 - otboahoh 
K aHaji. TKHflKOCTb Bbixoanr H3 nepBoro KOJieca 
no 4 bo BTopoe KOJieco h Tan ^ajiee. Hhcjio 
KOJ iec He dojibine 5, Hanop Hacoca = Hanop 
oflHoro KOJieca^KOJiHnecTBO KOJiec. 



22 Bonpoc. IIIecTepeHHbie, BHHTOBbie h njiacTHHnaTbie Hacocbi 



jo 

■nr 


r fl 


i 






[—A 


r 


* j 

Bhiiiobbic 

1- BeflymHH BHHT 

2- BeflOMbie bhhtm 

3- OSoHMa 



njiaciHimaibic 

1- Potop 

2- Kopnyc 

3- IljiaCTHHbl 

4- PaSonee npocTpaHCTBO 


IIIecTepeHHbie 

1- Kopnyc 

2- IIIecTepHH (oflHa ot 3a. 

ABHiaXCAfl) 

Kor^a 3y6b« bbixoaat H3 4- Kopnyc 
3an,enjieHH», o6pa3yeTca MeacAy oSohmoh h bhhtom 5- BcacbiBaiomuM naxpySoK 
pa3peaceHHe, noA achcxbhcm oSpaaycxca nonocTb, 6- HarncxaioinuM naxpySoK 

KOToporo nponcxoAHT 3anoAHaeMaa acHAKOcxbio, IljiacTHHbi noA achcxbhcm 

BcacbiBaHne acHAKOcm npn BpainciiHH BHHTa, H,empo6eacHOH chjim 

>KHAKOCTb nepcMemacTCH H3Mcnaior oSbcm b kaacaoh 
BAOA b OCH (lOJIbKO AAM HBCTH paOOHCH 30HbI, 

arpeccHBHbix cpcA) nosxoMy co3Aaexca n 

pa3peaceHHe, n HameTaHne, 
nponcxoAHT BcacbiBannc n 
OAHOBpeMeHHO BbiTecHeHne 
>khakocth. 


23 Bonpoc. CTpynHbie nacocbi, Mohtokio h 3npjin<j)Tbi. 



CTpynHbie 

I- PaSonaa >khakoctb 

II- IlcpCKaMHBBCMaa >KHAK. 

1- Conno 

2- Kopnyc Hacoca 

3- fln(f)(})y3op 

B CTpynHbix Hacocax aab 
C03AaHna Hanopa 

HCIIOAbXyiOX KHIICXHHCCKyiO 
3Heprnio Apyron >khakocth. 
PaSonaa achakocxb 

nocTynaeT c ooabluoh 
CKO pOCTbK) H3 COlIJia B 
KaMepy CMemeHna n 3aTeM b 
AH(J)(})y3op, yBneicaa 3a co6oh 
3a cneT noBepxHoemoro 
TpeHna i icpcKan h Bacviyio 

ACHAKOCTb. 


Mohtokk) 

1- Kopnyc 

2- 6- KpaHbi 

3- Tpy6a a a a nepeAaBAHBaHHa 

Monxcano npcACxaBnaex 
co6oh pe3epByap, b kotopom 
Ana ncpcKaMHBaiiHH 

ACHAKOCTH HCHOAbXyCXCfl 

3Heprna cacaToro B03Ayxa 
hah HHepTHoro ra3a. 
Mohtokio paSoxacx 

lICpHOAHHCCKH. HH3KHH 

Knfl, ho OTcyTCTBne 
ABH/KyniHXCH HaC'ICH, 

npnMeHaiOT aah arpeccHBHbix 
cpeA. 



3pAH(f)T 

1- Tpy6a A-na noAann cacaToro 
B03Ayxa 

2- CMecnrenb 

3- noAbCMiiaa xpy6a 

4- OtSohhhk 

5- CSopHHK 

IIponcxoAHT noAana cacaToro 
B03Ayxa. B cMecHTeAe 
o6pa3yeTca ra3oacnAKOCTHaa 
CMecb, KOTopaa noAHHMaeTca 
Ha otSohhhk, rAe H3 cmcch 
BbiAenaerca B03Ayx n 
acHAKOCTb, KOTopaa 

nocTynaeT b cSopiiHK. 
HH3KHH Kn/I, HO OTCyTCTBHe 
ABnacyniHxca nacrcR. 







24 Bonpoc. nopnmeBbie, njiyHacepHbie, BnxpeBbie Hacocbi. 



IlopmHeBbie. nponcxoam IIjiyH>KepHbie. IIjiyH>Kep to BwxpcBbic. fljia nepeaanH 
BcactiBaHHe h HaraeTaHHe 3a >Ke caMoe, hto h nopmeHb, ho oiicpi nn ot ^BHi ai cjia k 
CHCT B03BpaTH0- TJiaflKHH H flJIHHHblH, 6e3 >KHflKOCTH H C03flaHHB Hanopa 

nocTynaTejibHoro aBM/Kcnwa KOJieu, yiuiorircii hm. H3-3a Hcnojibaycica aHepraa 

nopixina b HHJiHiiapc Hacoca. toto, hto ana njiyH>KepHbix BHxpeBoro hbh/KChmh 

IIpH ero HBHVKCIIHH B HaCOCOB HeT nCOOXOHHMOCIH >KHflKOCTH, KOTOpOe 

3aMKHyroM npocTpaHCTBe b i Hiai cjibiiOH npHTOHKe oopaaycrca 3 a chci BpauiciiHa 
C03flaeTC» paapoKcnnc. floa nopniHs h nnjiminpa, hx paSonero KOJieca h, b 
hchctbhcm pa3HOCTH npiiMcnaior a jib MCiibincH CTeneHH, 

aaBJiciiHH /KHHKOCib ncpcKaMHBaiiHa H,empo6e>KHbix chji. Pe3Koe 

nocTynaeT b HHJimiap. aarpaancmibix h bjbkhx B03pacTaHne Hanopa h 
I lopmeHb npHBOflHTca b /Kmhkoctch, a Taioice hjib noipcojiacMOH mohjhocth 
aBH>KeHHe 3 a chci coanainia 6ojiee bmcokhx npoHcxoanr c yMeHbmeHHeM 

KpHBOHIHnHO-HiaTyHHOrO aaBJICHHH. CyLHCCIByiOr IipOM3BOHHTCJIbl[OCTH. 

MexaHH3Ma. HCOOXOHMMO Hacocbi HBOHIIOIO H TpOHHOTO Bo3MO>KHbI KOHCTpyKH,HH c 

Hcnojib30BaTb Boanymiibic acncTBua. Hcooxohhmo caMOBcacbiBaHHeM 

KOJinaKH HCn0JIb30BaTb B03ayHIHbie VKHHKOCTH. 

KOJinaKH 


25 Bonpoc. IlepeMemeHHe ra 30 B. BeHTHJiflTopbi, ra 3 oayBKH. 



BeHTHJiHTopw. ^ejiaTca Ha HH3Koro cpeaHero raaoayBKM. B Kopnyce a®a nopixina, oami 
h BbicoKoro aaBJiciina. Ta3 nocTynaeT no iiohkhiohcii k aacKipoaBHrarcaio h CBaaan co 
BcacbiBaiomcMy iiaipySKy, nonaaaci b btopwm ay6 L iaroH iicpcaancH, npn BpauiciiHH 
Kopnyc, npHo6peTaeT Bpauiaicjibiioc nopniHH rniOTHO npHJieraioT oami k apyiowy 
aBH>KeHHe. U,cinpo6c/Knaa cnjia o i SpacbiBaci h k CTeHKaM Kopnyca, oopaaya 2 KaMepbi: 
ra3 b xaHaji. H 3 ypaBiiciina BepHyjuiH: Bcacbi Banna h 1 tanici ai run . Ilpn nocTynjieHHH 
npoMCxoHMT npeo6pa30BaHHe khiicthhcckoh ra3 C/KHMacrca h BbnaaKMBacTca b HanopHbin 
OHeprnH noTOKa b CTarnHCCKnn Hanop, hto iiaipySoK. 
ooccncHHBaci noBbimeHHe aaBaenna ra3a. 

OopMa h pa3Mep paSonero KOJieca h jionaTOK 

peryjinpyeT aaBaennc, coaaaBaeMoe HacocoM. _ 

26 Bonpoc. MeToabi pa 3 aeJieHHH n K.iaccii(|)iiKannn Heo/jHopo/iHbix chctcm. 

HeoflHopoflHbie chctcm - H3 2-x hjih HecKOJibKnx (f>a3 (ancnepcHaa (J)a3a + ancnepcHaa cpeaa) 

• CyCneH3HH (/h'HHKOCTb H B3BeHieHHbie TBCpHblC HaCTHH,bl) 





• 3MyjIfeCHH (/KHJIKOC'lb H KanJIH apyi OH 5 KH^KOCTh) 

• IleHbi (/KHaK'oci b h ny3bipbKH ra3a) 

• IlbiJiH h flbiM (ra3 h nacTMUbi TBcpaoi o BemecTBa) 

• TyMaHbi (ra3 h ^kh^koctb) 

Mcxoabi paaacjiciiHa nconnopojnibix chctcm: 

• Oca’/KaClIHC (lioa HCHCTBIICM CHJI TaaceCTH (OTCTaHBaHHe), HHeppHOHHblX CHJI HJIH 
3JieKTpOCTaTHHeCKHX B3aHMOaCHC'I BHH) 

• ®HJibTpoBaHHe (c noMombio nopncToro MaTepnajia, cnocoSHoro 3apep>KHBaTb 
AHcnepcHyio cpcay) 

• LJeHTpn(J)yrHpoBaHHe (b none ucm poSc/Kiibix chji) 

• MoKpoe paaacjicnnc (yjiaBJiHBaHHe nacTHu, (ncmpajibnauMH) ^kh^koctbmh hjih napaMH 

nofl JJCMCTBHCM CHJI TJDKeCTH, HHepU,HH HJIH Jjpyi HX (j)H3HKO-XHMHHCCKHX CBOHCTB) 

27 Bonpoc. CKopocTb ocaacpeHnn HacTnp. OopMyjia CTOKca. 

OopMyjia CTOKca - (JjopMyjia cxopocTH oceaannn nacTHp b schakocth: Ecjih nacmpbi naaaioi b 
BK 3KOH aCHflKOCTH HOP PCHCTBIICM COSC'IBCIIIIOIO Beca, TO yCTaHOBHBHiaaCB CKOpOCTb 
aoc'iHiacica, Korpa 3Ta CHJia 'ipcnna cobmcctho c chjioh ApxHMepa tom no ypaBiiOBCuiMBaio i ca 

„ d 2 g(p'-p x ) , 

CHJIOH rpaBHTapHH. W oc = -, p - JJMHa\lHHCCKBH B»3KOCTb 3KHPKOCTH, P - nJIOTHOCTb 

18 jU 

nacTHu. 


28 Bonpoc. Otctohhhkh HenpepbiBHoro pencTBHH pjin pa3peJieHHH jkhpkhx HeopHopopHbix 
cncTeM. PacneT otctohhhkob. 




HeBbICOKHH HHJIHIIJjpHMCCKHH 

,H,jia paipcjicjmnn 3MyjibCHH. 

C KOHHHeCKHMH nOJIKaMH. 

pe3epByap c hjiockhm, cjierKa 

IlonepeHHoe 


CCWCIIHC 

CycneH3Ha nopaeTca BHyrpb 

KOHHHeCKHM PIIIHHCM. B HCM 

BbiSnpaiOT, HTo6bi 

pOCTHHb 

annapaTa h pacnpepejiaeTca 

ycTaHOBJieHa MemajiKa c 

jiaMHHapHoro 


TOKa 

no KaHajiaM 

MC/KJjy 

HaKJIOHHbIMH JIOnaCTBMH Ha 

>KHpKOCTeH. 

B 

annapaTe 

KOHHHeCKHMH nOJIKaMH, Ha 

KOTopbix hmciotch rpe6KH pjia 

npOHCXOflHT 

paccjiaHBaHHe 

nOBepXHOCTH 

KOTOpbIX 

HenpepbiBHoro 

3MyjIbCHH 

H 

ypajieHHe 

npOHCXOflHT 

OCa/KJJClIHC 

nepeMeiHHBaHHa. HcxopHaa 

pa3Hbix (|ja3 

nepe3 pa3Hbie 

TBCppbIX 

nacTHH,. 

cycneH3H» nopaeTca no 

iiaipySKM. 


Mmcctch 

OcBcnicmiaa 

>KHpKOCTb 

peHTpajibHOH ipy6c, a 

yCTpOHCTBO 

PJia 

pa3pbma 

OTBOpHTCa no 

KaHajiaM 

ocBCuicmiaa /Khpkoctb 

CH(j)OHa b cjiynae 

nojiHoro 

Meacpy 

PByMa 

iicpcjiHBacica wcpc3 xpan 

onopo)KHeHHa pe3epByapa. 

BbimejieacamHMH 

nojiKaMH h 

pe3epByapa b acejioS h 




BbIBOflHTCa H3 

annapaTa. 

ypajiaeTca. Bbirpy3ica ocapKa b 




OTCyTCTBHe JJBH/KymHXCM 

pcmpc annapaTa. Yxopht 




nacreR h 

npocTOTa 

OOJIblHOe KOJIHHCCTBO 




oocjiyvKHBanmi. 


SCHpKOCTH C OCajJKOM. 







































IIpOH3BOflHTeJIbHOCTb OTCTOHHHKa He 3aBHCHT OT erO BbICOTbl, a 3aBHCHT OT CKOpOCTH OCaHCflCHHH 
nacTHH, h noBepxHOCTH ocaacfleHHB. Hmcinio hcxoah H3 sthx napaMeTpoB npon3BOjnn pacier 
OTCTOHHHKOB. 




/ 




29 Bonpoc. OcaayjeHHe no/i aettcTBHeM peHTpoOeacHbix chji b piiKJioHax. YcTponcTBO 

UHKJIOHOB. 

I , 4 3anbiJieHHbiH ra3 nocTynaeT TaHreHu,HajibHO co 3iiawm cjimioh 

CKOpOCTblO B BepXHIOK) HBCIb H,HKJIOHa. B KOpnyCe nOTOK 
3anbiJieHHoro ra3a ,ubm>kctc>i bhh 3 no cnHpajiH B^ojib BHyrpeHHeH 
noBepxHOCTH CTeHOK u,HKJiOHa. ripn TaKOM BpainarcjibiiOM 
^BHaceHHH nacTHH,bi nbuin icaic 6onee Taacenbie, ncpcMCinaioica b 
H anpaBJieHHH .hcmc'ibma ucmpoSc/KiiOH chjibi Obicxpcc hcm nacTHu,bi 
ra3a, KonncmpiipyioTca b cjiohx ra3a y ctciiok h ncpenocaiCH 
nOTOKOM B llblJICcSopiIHK. IlblJIb OCCJiaCT, a OMHLHCmiblH ra3 
noaiiHMacxca no cnnpajin n yzjajiaeTCH icpci BbixjionHyio Tpy6y. 
y-——W /1.BH/KCIIHC naCTHU, nblJIH B U,HKJIOHe oSyCJIOBJICIIO B OCHOBHOM 

\_y BpainaicjibiibiM ^bhhcchhcm, no\TOMy nx mo>kho ycTaHaBJinBaTb 

ropn30HTajibHO hjih HaKJiOHHO. TeopeTHHecKHH pacneT h,hkjiohob 
cjiovkcii, no3TOMy nx paccnnTbiBatOT no rn^paBJinnecKOMy 
conpoTHBJieHHio annapaTa. 



30 Bonpoc. BaTapeiiHbie pnKJioHbi n rn/ipouHKJioHbi. 

r HaponHKJion. PaaaejiciiHC hchakhx iieoanopoaiibix chctcm b none achctbhh 
n,eHTpo6e>KHbix chji 6e3 Bpamatomnxca nacTen. Kopnyc annapaTa coctoht 
H3 TaHreHu,najibHoro naipySKa, kohhhcckoh n u,HJiHHflpnnecKOH nacTen 
Kopnyca, cjinBa n niTyn,epa jjjib oiBoaa ocbctjichhoh vkhukocih. IIoa 
XIChc'ibhcm nempoSoKiibix chji, Taacejibie nacTHLi,bi oiSpacbiBaioica Ha 
ctchkh annapaTa n cnycKaioicn no kohhhcckoh nacTH no cnnpajibHon 
TpaeKTopnn bhh3, oiKyaa BbiBoaarca b bhjic crymeHHon cycneH3Hn. 
Bcjichctbhc 3HannTejibHbix OKpyacHbix cxopocTen noiOKa b/jojib och 
i HjjpouHKJiona oopaayciCH B03flyniHbin ctoji6 , jjaBJieniie b kotopom iihvkc 
aiMOC(l)cpnoio. Oh oica3biBaeT 3HannTejibHoe bjimhiihc Ha pa3acjouomcc 
Hciici BHC i HapoHMKJiona. flocTOHHCTBa: OTcyrcTBne ,UBM>KyiJiMxcn nacTen, 
BblCOKaa npOH3BOflHTeJIbHOCTb, KOMnaKTHOCTb, npOCTOTa H JierKOCTb 
oGcjiyacHBaHHa, ninpoKaa oSjiacTb npiiMCiicniix (crycTHTejin, 
KJiaccn(})HKaTopbi, ocBeTJiHTejin). BaTapenHbin u,hkjioh 
C yMeHbineHneM pa3Mepa u,HKJiOHa yBCJiHMiiBacica ero 
CTeneHb ohhctkh, ho iiaaaci upoHiBoaHicjibnoci b. IloaTOMy movkiio oSbenmimb 
HeCKOJIbKO MHHH U.HKJIOHOB B OflHO KOpnyCe. EaTapeHHbie H,HKJIOHbI COCTOHT H3 

napajuiejibHO paSoiaioninx u,HKJiOHHbix ojicmchtob. Ta3 hjih hch^koctb 
paBHOMepHO pacnpcacjonoiCH no oijucjibiibi TJiCMcmaM u,HKJiOHa. OimucmibiH 
ra3 hjih /KHjiKOCi b yaajiaciCH, nbuib coSupacicn b kohhhcckom nbuiecGopHHKe. 
r a3 b TaKHe u,HKJiOHbi nocTynaeT He TaHreHii,HajibHO, a CBepxy bhh3 h 
pacicpyHHBaeTCH c noMombio cneu,HajibHbix 3aKpymiBaioiiiHx ycTponcTB. 



HJIH 


MyjIbTHU,HKJIOHbI. 























































31 Bonpoc. MoKpaa OHHCTKa ra30B (CicpySSepbi, CKpy66epbi BeHTypn, IleHHbie 
annapaTbi). 

Aji* tohkoh ohhctkh ra30B ot nbuiH npuMCiunoT MOKpyio OHHCTKy ra30B bohoh hjih npyiofi 
>KHflKOCTbio. MoKpaa OHHCTKa ra30B ot nbuiH nanSojicc 3(|)(|)CKi HBiia Tor^a, k 0171 a #onycTHMbi 
yBJia>KHeHHe h oxjia/KTiciinc OMumacMoro ra3a. 3arpH3iicmiyio nocjie ohhctkh ra3a /Khhkoctb 
3aTeM OTnpaBJunoT Ha otctohhhkh jtjih ocbctjiciihh h noBTopHoro Hcnojib30BaHHa. rjiaBHbin 
iiCHOCiaioK - o6pa30BaHHe oojibinoro 06'bCMa ctohhmx boa. Paancjono i 


IlojibiH CKpy66ep. ripocTeHmaa chctcmb 
ohhctkh ra30B /KHHKOCi bio. 3anbmeHHbiH ra3 
hbh/kc'ich nepe3 CKpy66ep h opomaeTca 
BOflOH, npn 3tom Bee nonepeHHoe ceneHHe 
CKpy66epa iicpcKpbiBaciCH pacnbuiaeMOH 
>KHflKOCTbK) 


CKpy66ep u,eHTpo6e>KHbiH. IIpHHLi,HnHajibHoe 
OTJIHHHe COCTOHT B TOM, HTO Ta3 IIOTiaCTCH B 
Kopnyc annapaTa TaHreHu,HajibHO, a 3iia L iHi 
npou,ecc HmciiCH^HunpyciCH, TaK KaK 
npoxoflHT b none u,eHTpo6e>KHbix chji. 
yKn^KOCTb >Ke He opomaeT ra3, a CTeKaer 
tohkoh njieHKOH no CTeHKaM annapaTa 



CKpy66ep Bcmypn. BbicoK03(j)(j)eKTHBHbi 
CTpyHHbin rypSyjicimibiH ra3onpoMbiBaTejib. 
3anbmeHHbiH ra3 nocTynaeT ncpca Kon(|)y3op 
b ropjiOBHHy, 171c ycKopxciCH. TaK>Ke b 
TOpjIOBHHy BBOflHTCB /KHTIKOCTb, KOTOpaa, 
CiajIKHBaHCb C ra30BbIM nOTOKOM, 
pacnbuiaeTca Ha mcjikhc KanjiH. Kaiuin 
yjiaBJiHBaiOT Ha ce6e nbuib h, npoxofla nepc3 
HM(|)(|)y3op, aaMCHJixioica h nona^aiOT b 
u,HKJiOHHbiH cenapaTop, 171c ra3 paaTicJiHCTCH c 
3arpa3HeHHOH vkh^koc i bio. 

Bap6oTa>KHbiH (neHHbm) nbmeyjiOBHTejib. 

OHHCTKH CHJIbHO 3arpa3HCHHbIX ra30B. 
>KHHKOC'Ib B3aHMOHCHC'IByC'l C ra30M H 
npHBOflHTCB B COCTOBHHe II071BH/KIIOH neHbi, 
hto o6ecneHHBaeT Sojibuiyio noBepxHOCTb 
KOHTBKTa MC/KTiy /KHTIKOCTblO H ra30M. Ha 
neptJiopHpoBaHHOH TapejiKe iiaxoTiHica 
>KHflKOCTb, Hepe3 KOTOpyK) OapOO'IHpyC'ICH 
ra3, o6pa3yeTC» neHa h npoHCxoflHT 
BbIC0K03(f)(J)eKTHBHaa (710 99%) OHHCTKa. 


OvumeHmiu 

3123 





32 Bonpoc. npnHunnnajibHafl cxeMa ajieKTpooHHCTKH. 3jieKTpo<jmjibTpbi 

OHHCTKa 3J[CXTpHWCCTBOM OCHOBaHa Ha HOHH3aH,HH MOJieKyjI ra3a 
3JieKTpHnecKHM pa3p»aoM. Ta3 i [OMcmacrcM b none 
o6pa30BaHHoe a By mb anexTpoaaMH, xopoHHpyK>mHM(+) h 
ocaaHTejibHbiM(-). Yace HOHH3HpoBaHHbie HacTHH,bi npH 

CTOJIKHOBeHHH C HeHTpajIbHbIMH HOHH3HpyK)T HX, XOJIHWCCTBO 
hohob pacreT no 3KcnoHeHTe, yaapnaa noni-nauMa. Taxace 
3JiCKipoaBi Hciiojinaioica xaxHM o6pa30 M, hto 6 bi H 36eacaTb 
npoSeranna ncxp b iiojiiiocibio HOHH 3HpoBaHHOM ra3e h 
HCKHIOHHT b KOpOTKOe 3aMbIKaHHe. 3j[CXip0abI IICpHOaHHCCKM 
BCTpaXHBaiOTCa HT06bI yBCJIMHMTb 3(J)(})eKTHBHOCTb OHHCTKH. 

^eaaTca Ha cyxne h Moxpbie, Ha i pySaai bic h iiJiac i MiiMai bic. 



Phc. V-51. npHHUHnHajibHan cxeMa ycra- 

HOflKH SJieKTpH^eCKOH OHHCTKH ra30B.* 








-’ 2 


33 Bonpoc. MeToati (JmjibTpoBaHnn. CeoncTea (jjnjibTpyeMbix ocaaKOB. K.xaccii(|)iibaniiii 
(|)HJibTpyiomHX MaTepnajioB. 

OnabTpoBaHHe - npou,ecc paiacjiciina cycneH3HH c 
Hcnoj[b30BaiiHCM nopncTbix neperopoaox, KOTopbie 3aaepacHBaiOT 
TBepayio c|)a3y cycneH3HH h nponycxaiOT ee acnaxy (jxny. 

Co3aacica pa3HOCTb aaBJicunn c pa3Hbix ctopoh ot 
(|)M j[bipoBaj[biiOM neperopoaKH, 3 a cm ex Hero acnaxocTb npoxoanx 
cxB03b Hee, a TBepabie aaci HUbi 3aaepacHBaiOTca Ha neperopoaKe. 

Pa3aHHaiOT (])Mj[bi poBaiiMC c o6pa30BaHneM ocaaxa, (^MJib i poBannc 
c 3axynopHBaHHeM nop h npoMeacyTOHHbiH am 1 (liMJibipoBanna. 

Taxace pa3JinwaiOT (jiMJibipoBaiiHC 1 ip h nocioamiOH pa3HOCTH 
aaBJICHHH, npH nOCTOBHHOH CXOpOCTH H npH nepeMeHHbIX pa3HOCTH 
aaBJiciiHM h cxopocTH. OcaaxH noapa3acj[>iiOT Ha cacHMaeivnae, 
nopncTOCTb xoTopbix CHHacaeTca a rnapaBj[nwccxoc 
COnpOTHBaeHHe B03paCTBe C yBCJIHWClIHCM pa3HOCTH aaBJICIIMH, H 
HecacHMaeMbie, b xoTopbix iiopnciocib He yMcnbinacrcH npn 
yBejiHneHHH pa3HOCTH aaBJieiiHH. OHJibipoBajibiibic neperopoaKH 
aejiaica Ha noBepxHOCTHbie, b xoTopbix naciHUbi b ochobhom 
cxanjiHBK)Tca Ha noBepxHOCTH, a He npoHHxaiOT b nopbi, h 

raySHHHbie, xoTopbie Maine npMMcnaio'ica ana ocbctjiciihh acnaxocTeii, Macinubi npomixaiOT h 


Phc. 


V-9. Cxe.ua npoixeccx 

(pH.ibtpoBaHHH: 

/ — IpH.lbTp; 7 — $<MlbTpO**Jlb- 
h»h neperopoAK*; 3 — cycnep- 
3<a; 4 — $MAt»TpaT; S — ocaAOH- 































































3aflep>KHBaK)Tca TaM. Taxace neperopoflKH KJiacen(|wHnpyiOTCH no MaTepnany H3 KOToporo ohh 
H 3BroTOBJieHbi. IleperopoflKH ^cjibi Ha ih6khc (MeTajuibi n nx cnnaBbi, nojiHMepHbie, 
BOJioKHHCTbie n cum cthhcckhc MaTepnajibi), iici hSkhc (xpynKne ncopraiHiiccKiic MaTepnajibi, 
KpeMeHb, yrojib, ncKoropbic cnnaBbi), vkcci khc (iBepjibic xpynKne HeopraHnnecKne MaTepnajibi) 
n HeacecTKne (ncTBepjibic xpynKne HeopraHnnecKne MaTepnajibi). 

34 Bonpoc. OcHOBHoe ypaBHeHHe i|ni.ib i paiuiii. OnpeaeJieHne KOHCTaHTbi (|)ii.Ti>Tpanim 

dV bp 

OcHOBHoe flH(|)(j)epeHii,HajibHoe ypaBHeHne (JiHJibTpoBaHHa Sdz ~ n (R x + /?*„) , me V - o6beM 
(JiHJibTpaTa, S - noBepxHOCTb (JmjibTpoBaHna, x - BpeMH (JiHJibTpoBaHHa, Ap - pa3HOCTb naBJiciiHH, 
p - BB3KOCTb acnpKOH (|ja3bi cycneH3HH, Roc - conpoTHBJieHne cjioh ocajiKa, R,| in - conpoTHBJieHne 
(JiHJibTpoBajibHHO neperopopKn. Ilocjie HeKOTopbix yupomcniiH ypaBHeHne HannHaeT Bbiunuici b 

ur_ 

BOT TaK M V 0 * 0 S , me To H Xo - COOTBeTCTBeHHO, COnpOTHBJieHHe nOTOKy aenpKOH 

(Jia3bi paBHOMepHbiM cjioeM ocajiKa TOJimnHon ojimii MeTp n OTHOineHne oObCMa ocajiKa k oSbCMy 
nojiyneHHoro cfmjibTpaTa. PaccMOTpnM rpn nponHTerpnpoBaHHbie (JiopMbi ototo ypaBHeHHa, 

y* Vr _n ^ T 

KOTopbie 6ojiee npaKTHHHbi. f ypaBHeHne (jinjibipoBanHii npn iiocToamioii 

pa3HOCTH jiaBJiciiHH, — p/ - o x 0 ^ 2 T -h p/?(j)nW ypaBHeHne (|mj[bTpoBanH« npn nocioamioii 

V =-_t 

CKopoem nponecca n M ( r o*oc-h ^*n) ypaBHeHne (JiHjibTpoBaHHa npn noc i oamibix 

pa3HOCTH JiaBJieilHH H CKOpOCTH npOU,eCCa. flo/I nOCTOaHHbIMH B 3THX ypaBIICHHHX nOHHMaiOT 
R(jin, r 0 h Xo. Bo3bMeM ponycTHM ypaBHeHne npn noci oamiOH pa3HOCTH jiaBJiciniii h npeo6pa3yeM 

ero k TaKOMy Bnpy: v 1 , me ; a a }s . Mo>kho 3aMeTHTb, hto npn 

nocTOBHHbix TeMnepaType h pa3HOCTH jiaBJieiHiii sto - ypaBHeHne npaMoii jihhhh, me TaHreHC 
3 to M, a 0Tpe30K OTceKaeMbi Ha y - N. IIoctpohb Ha ocHOBe namibix 3KciicpnMcm a jiamibiii 
rpa(|)HK, MO>KHO HaHTH 3naMCI[HH N H M H HaHTH R(|) lr , To, B TO BpCMH KaK X 0 OIipCJICJIHCTCH 
HenocpepcTBeHHbiM imiepciniCM oSbCMOB ocajiKa h (JiHJibTpaTa. 


35 Bonpoc. BapaSaHHbin BaicyyM-ijiHJibTp 

AnnapaT HenpepbiBHoro pchctbmx, paSoiaci nop 
BaKyyMOM. Coctoht h 3 ropH30HTajibHoro 

neptfiopHpoBaHHoro 6apa6aHa, noKpbiToro 

(JiHJibTpoBajibHOH TKaHbio. IIorpy>KeH b cycneH3Hio Ha 30- 
40%. IIoBepxHOCTb (JiHJibTpoBaHHa paajicjicna 
o6pa3yiomHMH Ha npaMoyrojibHbie hmchkh. Ilpn jibh/KCiihh 
xaacpaa aneiiKa iiocjicjiOBaicjibiio npHCOCjimnic'iCH k 
HCTonHHKy cacaToro B03pyxa. Becb npouecc (|iHJib i poBanHH 
coctoht b tom, hto 6 apa6aH Bpauiacica h xaacpaa aneinca 
npoxopHT nepe3 6 ci ajiHii: (JiHJibTpoBaHHe, o6e3BoacHBaHHe, 
npoMbiBKa, BTopnnHoe o6e3BO>KHBaHHe h c6poc ocajiKa h 
pcrcncpaHHH nojiOTHa. ,Z],0CT0HHCTBa (JiHJibTpa: 
HenpepbiBHOCTb npouecca, ynoociBO o6cjiyacHBaHHa, 
Ojiaionpmmibic ycjiOBHa npoMbiBKH ocajiKa. HcjiociaiKH: 
BbicoKaa ctohmoctb, HH3Kaa miomajib (JiHjibTpoBaHHa. 




36 Bonpoc. HyTH-<JmjibTp h <])HJibTpnpecc 

Hyi L i-(|)HJibip iipc^ciaBJiMCi co6oh nanOojicc npocToil (J)HJibTp 
nepHOflHHecKoro acmctbhx, paSoiaiouiHH noA BaicyyMOM hjih 
AaBJieHHeM, c coBnaAaiouiHMH HanpaBjieHHaMH chjibi TaacecTH h 
ABH>KeHHeM (J)HJibTpaTa. HyTH-(J)HJiTp noA BaKyyMOM hbjihctch 
npocTO SojibinoH kojiOoh ByH3epa c Bopomcoii BioxHepa. Hyrn 
paSoiaiOLUHH noA abbjiciihcm paSoiaci b OojibimiHCTBe CBoeM 
TaK>Ke, 3a HCKJIIOHCIIHCM KOHCTpyKTHBHbIX OCOOCmiOC'ICH B BHAe 

KpLiniKH h (fmjibTpyiomero iiojioriia iiohtm Ha ahc annapaTa. 

^OCTOHHCTBOM BCeX liyi HCH HBJIHCTCH OB3MO>KHOCTb paBHOMepHOH 
H nOJIHOH npOMbIBKH OCaAKa, nOCKOJIbKO npOMbIBHaa >KHAKOCTb 
MO/Kc r 6 bitb paBHOMepHO pacnpeAeJieHa no bcch ero noBepxHoern. 

HeAOCTaTOK - oojibuihc ra6apHTbi. Ilo3TOMy 6biji npnAyMaH 
(})HJibTpnpecc - annapaT ncpnoAHHCCKoro achctbmh, 
npeACTaBJiaiOHiHH co6oil psA Hymen iieSojibixioii BbicoTbi, 
pa3MCLHCmibIX BepTHKajIbHO BnJIOTHyK) OAHH K APyrOMy, B 
pe3yjitTaTe nero AOCiniaciCM 6ojibma» iiOBcpxnocib (|)HJibipoBanH«, oincccmiax k cahiihhc 
npOH3BOACTBeHHOH IIJIOLHaAH. COCTOHT H3 WCpCAyiOLHHXCH nJIHT H paM. PaMa H ABe nJIHTbl 
o6pa3yiOT abb iieOojibixiHx nyma. CoBeTyio nocMOTpeTb bhaoc ok paSo i aci (J)HJibTp npecc h Bee 
noTOM no naMBTH paccKa3aTb. 

37 Bonpoc. U,eHTpn<j)yrHpoBaHHe. npnHpnn AencTBHH n ycTponcTBa OTCTOHHbix n 
(JiHJibTpyiomHX ueHTpn(])yr. 

IIoA ncmpH(|)yi HpoBaiiHCM noHHMaiOT npon,ecc pa3ACJicnHM HeoAHopoAHbix chctcm b none 
n,eHTpo6e>KHbix chji, npoBOAHMbie b MamnHax - ucm pH(|)yi ax. U,cm pn(|iyi a npcACi aBjnic'i co6oh 
b npocTeiinieM bhac BepTHKajibHbin n,njiHHApnnecKHH poTop co cnjioniHbiMn hjih 
nep(J)opHpoBaHHbiMH Ookobmmh CTeHKaMH. PoTop ynpenjiaeTca Ha Bajiy, KOTopbiii iipuBOAH ica o 
BpameHne abhibicjicm, h noMCinacica b Kopnyc c 3aKpbiBaeMOH cbcmiioh kpbiihkoh. Ha 
BHyipeHHeH noBepxHOcm poTopa c nep(J)opHpoBaHHbiMH CTeHKaMH naxoAHica (jwjibipoBajibiiaH 
TKaHb hjih i on Kan MCi ajuiHHCCKan ceTKa. B otctohhwx ucm pH(|jyi ax co cnjioniHbiMH CTeHKaMH 
npoH3BOA»T pa3AeJieHHe SMyjibCHH h cycneH3HH no npHHH,Hny oicianBanmi, 11 p h h c m achcibhc 
CHJibi TiDKecTH 3aMCiiHCic>i achctbhcm H,empo6e>KHOH CHJibi. B (|mjibipyiOHiHx ucmpH(|jyiax 
ocymecTBJiaiOT npou,ecc paiACJiciiHH cycneH3HH mctoaom (|jHJibipoBaiiHH, 11 p h h c m bmccto 
pa3HOCTH AaBJIClIHH HCIIOJIbiyCTCX ACHCIBHC H,empo6e>KHOH CHJIbl. 

38 Bonpoc. TpySnaTbie CBepxueHTpnjJjyrn. 

Hmciot poTop ncoojibLuoio AHaMeTpa, BpauiaiouiHiicn c oojiblhoh 
CKOpOCTbK), HTO II03B0JIHCT lIOJiyHaib BbICOKHH (JjaKTOp paiACJICIIHH (AO 

15000) h pa3AeJi»Tb TOHKOAncnepcHbie chctcmw. BbicoTa H3 b HecKOJibKO 
pa3 npeBoexoAHT ahamctp ajib Jiyniuero pa3ACJicnmi. OcaAOK coacp>kht 
MHHHMajIbHOe KOJIHHCCTBO BJiaTH, nOTOMy HTO npOHCXOAHT ynjIOTHeHHe 
ocaAKa npn bbicokhx 3naMcnmix (|jaKiopa paiACJieiiHH. Bo3mo>kho 
repMeTHHHoe hciiojiiiciihc, hoaxoaht a Jin pa3ACJiciiHn cycneH3HH c hh3khm 
C0Aep>KaHHeM TBepAOH (J)a3bi h 3MyjibCHH. Coctoht h3 KOHycHoro xo>Kyxa, 
poTopa c jionacTHMH. npn ABH>KeHHH >khakocth b poTope BBepx TBepAwe 
HacTHH,bi oceAaiOT Ha CTeHKax, a ocBCTJicmian /Khakoctb otboahtch L iepc3 
naTpySoK. 

39 Bonpoc. UlHeKOBbie peHTpn<|)yrH HenpepbiBHoro achctbhh. 

PaccMOTpnM HopMajibHyio OTCTOHHyio u,eHTpH())yry HenpepbiBHoro acmctbhh c ropH30HTajibHbiM 
poTopoM. Cycncinmi noAacTcn Biiyrpb annapaTa Me>KAy kohhhcckhm poTopoM co cnjioniHbiMH 
CTeHKaMH H H,HJIHHApHHeCKHM OCHOBaHHeM HIHCKa. POTOp H IHHeK BpailiaiOTCH B OAHOM 





HanpaBJieHHH, npnncM niHeK BpaiHacrca nyib 
MCaJICIIlICC. Ilofl ^CHC'IBHCM H,eHTpo6e>KHOH 
chum TBcpabic naciHLibi oiSpacbiBaioica k 
CTeHKaM poTopa h b bh^c oca^Ka mchjiciiiio 
nepeMemaioTca (H3-3a pa3HOH ckopocth 
BpameHHa niHeKa h poTopa) k OTBepcTHio HJia 
Bbirpy3KH. TaKne u,eHTpH(J)yrH 

xapaKTcpnayioxcH bmcokoh 

npOH3BOflHTeJIBHOCTbK) H npnMCIiaiOTCa flJIB 
paancjicnna TonKoancnepcnbix cycneH3HH c oojibinon Konucm panncR TBcpaon (})a3bi. 
Hcaociai k'n: bbicokhh pacxoa oneprnn h 3aMeTHoe naMCJibncnnc ocanKa. 

40 Bonpoc. OcoOeHHOCTH TOHKOCJionHoro pa3/ieJieHHfl b TapeJibnaTbix cenapaTopax. 
CenapaTopbi /jjih pa3aeJieHHH 3Myjibcnn h cycnemira. 

ylBJiaioica OTCTOHHbiMH CBcpxncmpnc|)yraMn HenpeptiBHoro 
/ICHCTBMH C BepTHKajIbHbIM pOTOpOM. HmCIO'I pOTOp nCOOJIbLHOlO 
anaMCipa, 3aTO 6ojibniyio CKopocTb Bpamcnna. 3Myjibcna 
noaac'rca no iiempajibHon ipy6c b hh>khiok) nacTb cenapaTopa, 
oiKyna Hcpca OTBcpcxna b Tapejncax pacnpcncjiacTca tohkhmh 
cjiobmh MC/Kny hhmh. Bojiee la/KCJiaa vKHnKoci b o'l SpacbiBac'i ca k 
nepn(J)epHH poTopa n otboahtc» ncpc3 BHemmoio i py6y. JlerKaa 
>KHflKOCTb ncpcMcniac'ica k pempy poTopa n otbophtcb ncpca 
KOJibn,eBOH KaHan. /pi a Toro, nroSbi mipKOCTb He OTCTaBana ot 
poTopa, Ha HeM hmcioi cm cnepHajibHbie BbiCTynw, a Ha TapenKax 
BbiCTynbi. IlpHMepoM t3khx cenapaTopoB Moryr cjiy>KHTb 
MOJiOHHbie cenapaTopbi. 


41 Bonpoc. CnocoObi nepeMeuiHBaHna b >kh/ikhx cpepax. 

KoHCTpyKpnH MemajioK. 

IlepeMeHiHBaHHe innpoKO npnMcnaiox ana npnroroBJienna 3MyjibCHH, cycneH3HH h nojiyHCiiHa 
roMoreHHbix CHCTeM, a TaK>Ke HJia nm cncnclinKapnn xhmhhcckhx, TennoBbix h pH<|)<f>y3Hbix 
npopeccoB. Maine Bcero cnoco6 h annapaTypa ana ncpcMcmn Banna onpcpcjiaioxca nejibio 
ncpeMCinnBanna h arperaTHbiM cocroanncM MarcpnajiOB. Paajinnaiox cnocoSbi cmchihB anna: 

• MexaHHnecKHH (McmajiKn) 

• IlHeBMaTHHecKHH (c>KaTbiH B03#yx hjih HHepTHbiH ra3) 

• B TpySonpoBOflax 

• C noMOHibio coneji h HacocoB 

Ba>KHbiMH xapaKTepncTHKaMH nepcMcmnBanna aBJiaio rca 3(})(|)eKTHBHOCTb h HHTeHCHBHOCTb 
npopecca. HanSojiec pacnpocTpaHeHHbiM ciiocooom ncpcMeuinBanna aBaacrca MexaHHnecKHH (c 
noMombK) MemajioK). BbiBaiOT pa3JiHHHbie KOHCxpyKnHH MemajioK: 

• JIonacTHbie - npaMoyi oJibiibic jionacTH, 3aKpenjieHHbie Ha poTope - npocTOTa ycTpoHCTBa 

o ilKopHaa - noH'inn jionacTHOH - Korpa nponcxopnx aarpaancnnc annapaTa h 
HH 3Ka» B»3KOCTb 

o Paxinaa - noprnn jionacTHOH - Korpa nponcxopnr aarpaancnne annapaTa h 
HH 3Kaa B»3KOCTb 

o JlncTOBaa MemajiKa - no/rinn jionacTHOH - ana MajiOB» 3 KHx cpep h 
HHTeHCH(f)HKaii,HH nponeccoB 

• IIponejiJiepHbie MemajiKH - nponcjuiepbi ((J)acoHHbie JionacTH no npo(|injno rpconoro 
BHHTa) - BbicoKaa CKopocTb Bpamcnna, HH3Koe noxpcSjicnnc sncprnn. 

• TypBHHHbie MemajiKH - KOJieca Bopanbix ryp6nn - ana roMoreHH3au,HH h 
HHT eHCH(f)HKaii,HH, pepKO jTJia ncpcMeuinBanna Sojibinnx oSbcmob. 





42 Bonpoc. TuapoaHHaMiiKa B3BemeHHoro cjioh (nopo3HOCTb, ckopocth nceB/iooHCHJKeHHH 
h yHoca, rnapaBJiHHecKoe conpoTHBJieHHe, hhcjio nceB/iooHCHHceHHH). 

AnnapaTbi c kmiihlhhm cnoeM HCiiojibayioiCH pjui ncpcMCLuciiHa, CMCinuBaiiMH, ilaircccii 
noKpbiTHH, iipoBCjicniiH npopeccoB o6>KHra, cyniKH, ajicopouiiH 
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Phc. 11-31. Hbhwchhc ra3a (khakocth) <jepe3 c.iofi Taepaux qacTHu: 

a — HenoABHMHuA cjiofl; 6 — KHnmuHft (nceBAOo»cH>KeHHbiA) cjioA; a — ywoc 
TBepAUX faCTHU HOTOKOM. 

Hanajio iiccb,uoo/Km>kci[mh HacTynaeT npn paBeHCTBe cnjibi iruipaBJiMiccKoro conpoTHBJieHHH 
cjioh Becy Bcex ero nacTHii,. Ilopo3HOCTbio Ha3biBaioT ciiocooiiocib Marcpnajia nponycxaTb L icpc3 
CCOH ra3bl H /KHJ1KOC I H. CKOpOCTbK) yHOCa lia3bIBaCTCH CKOpOCTb npH KOTOpOH iiapyinacrcH CJIOH 
H npOHCXOflHT MaCCOBblH yHOC HaCTHLI. C-Kopoci b IICCBJIOO/KM/KCIIIIH - CKOpOCTb npH KOTOpOH 
iiapyuiacrcH ncnojjBHVKiioci b cjioh h iipoMCxojHiT ero ncpexoji b iiceBjiovKM/Kcmioe coctohiimc. 
OTHOHieHHe paSOMCH CKOpOCTH IICCBJIOO/KH/KCIIHH K CKOpOCTH liaiajia IICCBJIOO/KHVKCIIHH 
na3biBacrcH hhcjiom nccBjioo/KH/KeiiHH h xapaKTepH3yeT mneiiCMBiiocTb nepeMCiiiHBaiiHH 
nacTHH, h ero coctohiimc. 


43 Bonpoc. Ochobhoh 3aKOH TenjionpoBoaHOCTH (Oypbe). TenjioBoe HanpaaceHne 
noBepxHOCTH Teruioo6MeHa (yaeJibHbiii TenjioBott noTOK) 

OcHOBHbiM 3BKOHOM ncpcjiaHH Tenjia reiuionpoBOjinocibio hbjihctch aaKoii Oypbe, coraacHO 

KOTOpOMy KOJIIIHCCTBO TenJIOnpOBOflHOCTH HCpC3 3JICMCIIT nOBepXHOCTH dF, liepiICIUJHKyjIHpiIblH 

. dt 

TenjiOBOMy noTOKy, 3a Bpcxin dx npHMO nponopipiOHajibHO TeMnepaTypHOMy rpajnicmy —, 

noBepxHOCTH dF h BpeMeHH dx: dQ — —A ^ dFdr hjih q = y- = —A rpe q - njiOTHOCTb 

TenjiOBoro noTOKa hjih yjjcjibiibiii TenjiOBOH noTOK, X - KoscfxjjHipieHT rciuioiipoBOjiiiociH, 
KOTopbiii noKa3biBaeT, Kaxoe kojiiihcctbo Teruia npoxojjm bcjicjjctbmc TCiuioiipoBOjniocTii b 
cjjHiiHLiy BpeMeHH Hepe3 cjjHiiHiiy noBepxHOCTH rciuiooDMCiia npn iiajiciiHH TeMnepaTypbi Ha 1 
rpajiyc Ha cjimimiy juimibi HopMajin k inoTcpMiiiccKoii noBepxHOCTH h 3aBHCHT ot npupojjbi 
BemecTBa, ero cipyKTypbi, TeMnepaTypbi. 


44 Bonpoc. YpaBHeHHe TenjionpoBO/jHOCTH Oypbe /ijih MHorocJioiiHOH ctchkh. 

Q = ~TT (<CTj — ^CTo) ft , r 

0 ' 1 - ypaBHeHne TCiuionpoBOjniocTH njiocKOH ctchkh npn yei aiiOBUBincMCH 

npopecce iciuioooMCiia. Ecjih luiocKan CTeHKa coctoht h 3 n cjiocb, OTJiHiaiOLHMxcH jipyi ot 
ppyra TenjionpoBOflHOCTbio h tojiiphhoh, to npn ycTaHOBHBiueMca npopecce nepe3 Ka>Kpbiii cjioh 
CT eHKH npoiiper opuo h to vkc kojihhcctbo Tenjia, KOTopoe movkct 6biTb Bbipavrciio jjjih 
pa3JiHHHbix cjioeB ypaBiicniiHMii jijih opiinapnoii ctchkh. CKJiapbiBan jieBbie h npaBbie nacTH 

n __ (^ CT i — /cT i) 


CHCTeMbI T3KHX ypaBHeHHH, HOJiyHHM 


«(* 


*-t + - 


• + -jjj) — (^CT, — <CT.) Fx 


HJIH 


24 


45 Bonpoc. Ko3(J)(])HUHeHTbi TenjionpoBoaHOCTH ra30B acH/jKOCTeii h TBep/jbix MaTepnajioB. 

Ko3(J)(J)HH,HeHTbi reiiJioiipoBOjHioci H ra30B A=f (B (aTOMHOCTb), C v (bnoxopnan TenjioeMKOCTb), p 
(B»3KOCTb)) B03pacTaioT c noBbimeHHeM TeMnepaTypbi h iicaiiaHHicjibiio mciihiotch c 
H 3MeHeHHeM JiaBJIClIHH. /],JIH SoJIbHIHHCTBa /KHJJKOC reil 3lia L ICIIHH A=f (A (aCCOHHaHHH), C, p, p), 




naoSopor, yMCiibinaioroi npn yBCJin L icnnn TeMnepaTypbi. Mckjiiohciimc cocTaBjiaeT BO#a, X 
KOTopoM HecKOJibKO B03pacTaeT c noBbimeHHeM TeMnepaTypbi .no 130 rpa^ycoB Hcjibcihi h npn 
iiajibiiciiincM ee yBCJiimciiHii i laminae! CHHHcaTbca. ,H,jih SojibuiHiici Ba MeTajniOB K03(|)(jmnHcm bi 
TenjionpoBOflHOCTH yMCiibinaiOTCH c noBbimeHHeM TeMnepaTypbi, Bnaicinni X pe3KO CHHHcaiOTCH 
npn HajiHHHH b MeTamiax npnMecen. 


46 Bonpoc. Tenjioeoe no/joSne b norpaHHHHOM cjioe (KpHTepnii HycceJibTa Nu). 

dQ “ “ X ’dS dF dT M - “ ('ct - t*) dF dt 


H 3 ypaBHeHHH Oypbe n TCiuiooT/iami 


al 


Nu 


, Ha3biBaeMbin 


npnpaBHBB nx n pa3/iejiHB, nojiynnM 6e3pa3MepHbin komiijickc bcjihhhii k 
KpnTepneM HycceJibTa. PaBeHCTBO KpnTepneB HycceJibTa xapaKTepn3yeT nofloSne npon,eccoB 
TennonepeHoea Ha rpaHnn,e MOKjiy ctciikom n noTOKOM hch^kocth. Ha ochobc coBMecTHoro 
paccMOTpeHHB ypaBHeHHH cpypbe h TennonepeHoea mo>kho noKa3aTb, hto Nu hbjihctch MepoM 
COOTHOHieHHfl TOJimHHbl nOTpaHHHHOTO CJIOH 5 H OIipC,UCJ[HIOLUCrO I COMCi pUMCCKOrO pa3Mepa. B 
Hero oSbiHHO bxojimt onpeflejiaeMaa b lajianax no KOHBeKTHBHOMy TeiuiooOMCiiy BCJiHimia a. 


47 Bonpoc. TenjioBoe no/ioSne b nape noTOKa (KpHTepnii IleKJie, PettHOJib/jca, IIpaH/iTJifl). 

PaccMOTpHM ycnoBHa iiojiooihi b nape noTOKa. H 3 ypaBHeHHH fPypbc-Kupxi o(|)a cyMMy hjiciiob, 

t 

~ -rW 

OTpa>KaiOmHX BJIHHHHe CKOpOCTH Ha nOTOK 3a MCI HI CM BCJIHHHIIOH < , CyMMy HJICIIOB, 

at 

xapaKTepH3yiomyio nepeHoe Tenjia nyreM reiuioiipoBOjinoci H 3aMeHHM bcjiiihmiioh p . PaaacjiiiB 

— = Pe 

nepBbiii Ha Biopoii h npoinBcaa neooxojiHMbic coKpamciiiHi, nojiyHHM ° - 6e3pa3MepHbiii 

KOMnjieKC, KpHTepnii neioie. Koropbiii hbjihctch Mcpoii cooiiioineiiHH MOKjiy TeruioM, 
nepeHOCHMbiM nyreM KOHBeicii,HH h nyTeM rciuionpoBOjiiioci H npn kohbckthbhom tciuiooSmciic. 
KpHTepnii Pciinojib/ica orpavKaci bjihhiihc chjibi rpciniH Ha jibh/KCiihc /Khjikocih 
pmVf _ wlp _ 

M®/<* p H nojiynaeTCH noaoOiibiM npeo6pa30BaHHeM ypaBHeHHH HaBbe-CTOKca. 

KpHTepnii neioie mokci 6biTb iipcacraBJicii icaic iipomBcacimc jiByx 6e3pa3MepHbix komihickcob 

Pe = • -2- = J0!fL . = Re-Pr JSt-Pr „ _ 

V u n A, , ITie OK - KpHTepHH llpaHflTJIH, XapaKTepH3yiOmHH 

(J)H3HHecKHe CBOHCTBa TenjiOHOCHTejieii b npou,eccax KOHBeKTHBHoro rciuiooSMCiia. 


48 Bonpoc. TenjiooT/iaHa npn Bbmyac^eHHOM /ibm/Kchmm noTOKa (jiaMHHapHOM, 
TypSyjieHTHOM). 

Nu =a0 023Re®'®Pr®’* 

fl,jiH ycTaHOBHBiuerocH rypSyjicimioro jibhvkciihh (Re > 10000): ' * ‘ * * 

B cjiynac 3iia L imcjibiioro H3MeHeHHH (|bi3hhcckmx cbohctb TenjiOHOCHTejieii b npou,ecce 
TenjiooSMeHa: 


N“* “ 0,021 R e * s Pr*-^ 43 Pfcr — KpHtepHft npaitjiMH npH cpcaiiefi TeMneparype ctchkh annapaTa. 

fl,jiH iicpexojiiioio pc/KHMa (23 00<Re< 10000), iiphOjih/KCiiiio paccHuibiBaior no (JiopMyjie 
Nu = 0 OQ8Rp 0,9 Pr 0 '‘ 13 

* * » , jijhi jiaMHHapHoro pencHMa npHMeHHMO ypaBiicnuc 

Nu^O.lTRei^^*^) 0 ’ 25 


49 Bonpoc. BjiHHHHe naiipaBJiCHHOCiH TenjioBoro noTOKa h BejiHHHHbi /iBHacymeii chjiw 
npopecca dt Ha BejiHHHHy a. ii>(|ia (K03<|)<])HUHeHTa TenjiooT/jaHH). 
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50 Bonpoc. OcHOBHoe ypaBHemie Temionepe/iaHH. PacneT K03(j)(|)nmieHTa TenjionepeaaHH. 




















H3 ypaBHeHHH TennooTflann nonynaeM ypaBiicnnc reiuionepcnaHH Q = KFAt cp T, i xic K - 
K03(J)(J)Hii,HeHT TeiuionepeflaHH. Kojihhcctbo Teiuia, iicpcnaBacMoe ot 6ojiee HarpeToro k 6ojiee 
xojiOflHOMy TenjiOHOCHTejno nponopn,noHajibHO noBepxHOCTn Tenjioo6MeHHHica F, cpcnncMy 
TeMnepaTypHOMy Hanopy n BpeMeHH Tenjioo6MeHa. /Fix HenpepbiBHbix npon,eccoB Q = KF At cp 
noKa3biBaeT ktkoc kojihhcctbo Tenna nepexo^HT ot 6ojiee HarpeToro k 6ojiee xojioflHOMy Tejiy b 
1 cex Mcpc3 noBepxHOCTb i ciuiooOMCiia 1 m 2 npn cpejniCH pa3HOCTH t icioKny tciijioiiochtcjuimh, 
paBHoii 1 rpafl. CpejniHH TeMnepaTypHbin Hanop 3aBHCHT ot xapaKTepncTHK H3McpciiHa 
TeMnepaTypbi. 


51 Bonpoc. CooTHomeHHe K 03 (j)(])HUHeHT 0 B TenjiooT/iaHH h Tenjionepe/jaHH. 

Fpia onpcncjieiiMx K (reiuionepenaHH) iico6xo,uhmo paccHH iai b ai n a 2 (TCiuioornaHa) no o6e 

CTopoHbi CTeHKn. Koina nepeHOC Tenna npoMCxonm ncpc3 nnocKyio CTeHKy, ko3({). 

_!_ 

j_ + y ± + _i_ 

onpcncjiacroi: “> ^ x , nojiynnB K npoBepaeM npaBHJibHOCTb t cp n n, B3»Tbix Biianajic 

AJia nojiyHCiiHH ai n ai. nojiynnB TaKoe cooTHomeHne mo>kho cncjiaib bbiboabi, npuBonauiMC k 
HHTeHcn(J)HKaii,HH npon,ecca rciuiooSMcna, HanpnMep Bccma ctoht yBCJiHHHBaib MeHbinyio a, 
aicnHTb 3 a 3arp»3HeHnaMH, ncnojib30BaTb xopomo npoBo^amne MaTepnajibi ^ jib ctciikh. 


52 Bonpoc. TenjiooTAana b HeKpyrjibix TpySax, 3MeeBHKax, b nynicax Tpy6 npn 
BbiHya^eHHoii kohbckumm. 

FFra HeKpyrjibix Tpy6 ncnojib3yeTca Ta ace pacHCniaa (J)opMyjia, TOJibKO c TKBMBajicmiibiM 

= 0,023 ( ■fcpgBg.y-* (23sR*y- 4 

AnaMeTpoM ((J)opMyjia b pa3BepHyTOM BH^e): km 

FFia 3MeeBHKOB k a bboahtcb nonpaBOHHbin K03(|)(|wnHcm bcjiotctbhc nonojmmcjibnoH 

ryp6y j iH3auHH noTOica b MecTax H3rn6a: Q ( 1 3 54 0 ) r ^ c q _ ^ HaMex p bh i kb 3MeeBHKa. 

FFia nyHKOB apy6 omcjibiibie (J)opMyjibi: 

npw uiaxMaTHOM pacno^oaceHHH TpyC 


Nu* = (MORe^Pr^; 36 



npa KOpHjiopHOM pacno^oa<enHH Tpy<5 
N U , = 0.27Rei«Pri*(-^.) O ’ J5 


53 Bonpoc. KoH/jeHcapHA napa b npncyTCTBnn HeKOH/jeHcnpyiomerocfl ra3a. TenjiooTaana 
neperpeToro napa. 

Ilpn najiHMHH b nape flaace neSojibiiiMx npnMecen Boanyxa hjih npyinx iieKonncncHpyiouiHxcH 
ra30B BCJiHHHiia a pjin KouncncMpyioincrocH ra3a pe3KO CHnacaeTca. HcKoimciicnpyiOLnnMCH ra3 
CKanjiHBaeTCB b napoBOM npocTpaHCTBe, noBbimaeT o6mee napn,najibHO naBJieiinc, napn,najibHoe 
naBJieiiHC napa nanacr. 3to iiianm, hto leiuionepcnaMa napa b npneyTCTBHH 
neKonncncupyiouicrocH ra3a pe3KO CHnacaeTca. 


TennooTflana neperpeToro napa: 


t CT < t K0H £, TOr/Jcl AQ # n .n. (^ct 

t CT > t K0H ^ r TOTAa A Q = a n . n .(t n .n. - tnaJAF 


r' — r + C cp (t n n — t Hac ) — y^enbHbie TennoTbi napoo6pa30BaHna n neperpeBa, nenojib3yeTC» 


1 


4 / -j o 

/ 4p;« r 


./A< 


xxjim pacneTa K03(J)(J)Hii,HeHTa i ciuioo i naMH napa no (J)opMyjie 



54 Bonpoc. Tenjioomana npn KOH/jeHcapHH napa. BjinaHne pacnoJioaceHHH h (|)opMi>i 
noeepxHOCTii Kon,ieiicannii Ha K03<Jn])HpHeHT TenjiooT/jann. 

TennooTflana ot Kon^ciicupyiOLucrocM napa ocymecTBiiaeTca b ycjiOBnax 
njieHOHHon KOuncncauHH. Ha iciuiooinaHy bjihhci ixiepoxoBaxocxb (mcm 
oojibLuc mepoxoBaTOCTb, TeM tojiihc KHH3y C'lanoBHiCH njiemca Koiuicncara), 
nojio>KeHHe b npocTpaHCTBe noBepxHoern KOuncucauHH n pa3Mepa ciciikh. 

Nu ** C (Ga •Pr-^) 0,2b —*■ 


me c*AI 310 KpmepHH KOHnCIICaUHH. 

4 /".*4 ° 



noflCTaBHB b ypaBHeHne KpnTepnn, nojiynnM 


1 




me 1 - 


Pmc. VII-I1. Pacnpe- 
jie^eHRe TeMnepaTyp 
b iwieHKe KOHAeucaTa. 


onpeflejunomnn icomcxphhcckhh pa3Mep. fljia BepTHKajibHon CTemcn C = 

2,04 (onbiTHbiM nyreM), a onpcHCJunoiHHM icomcxphhcckhm pa3MepoM - BbicoTa ciciikh H. 
r0pH30HTajIbH0H nOBepXHOCTH C=l,28, OIipenCJnHOLUHM ICOMC'ipHHCCKHM pa3MepOM HBJIHCTCH 
Hapy>KHbin HnaMCxp xpy6bi. 


55. eonpoc. Cpe/iHHH pa3HOCTb TeMnepaTyp npn npflMO- h npoTHBOTOKe TenjioHocnTejien. 
TexHOJiorHHecKHe ocoSchhocth aaHHbix cxeM. 


Cpcxinni pa3HOCTb TeMnepaTyp npn npaxio roKe: At cp = 
Cpcxinni pa3HOCTb TeMnepaTyp npn npoTHBOTOKe: At cp 


At„-At„ 


In 


At H 

At K 


In- 


Atri 


At„ 


CxopocTb reiuioo6\iciia npn npoTHBOTOKe pacTeT, 3 to 6ojiee xkoiiomhhiio, ho b 3aBHCHMOCTH ot 
rexnojioiHHCCKoro npon,ecca movkct 6biTb BbiSpan iipaMoroK (HanpnMep, b 6apa6aHHbix 
cymnjiKax, hto6bi He neperpeBaTb MaTepnan). 


56 Bonpoc. Tenjioomana npn Kiiiieiinii acnaKOCTen. IIy3bipHaTbiH h njieHOHHbin peacHM 
KHneHHH. 

Tennoomana npn KnneHHn - npon,ecc co cjio>KHbiM MexaHH3MOM. npon,ecc nepeHoea Tenna npn 
KnneHHH CKJianbiBacroi H3 omann Tenna >kh,iikocth ciciikoh h iicpcnaHH Tenna BiiyxpcnncH 
noBepxHOCTH ny3bipbKa b bhhc TemiOTbi HcnapciiHH. Onarn oopaaoBaiiHa mcjikhx ny3bipbKOB 
hocbt Ha3BaHHe H,eHTpoB iiapooopaaoBaiiHa. npn noBbimeHHH pa3HOCTH TeMnepaTyp 
lipOHCXO XIHl yBCJIHHClIHC nJIOTHOCTH TenJIOBOTO nOTOKa, a B03IIHKai0LHCe npn 3T0M 
nepeMeuiHBaHHe >kh,xkocth 3a cm ex oapbiBa ny3bipbKOB bchcx k yBCJiHHCiiHio a K03(|)(|)HHHcma 
rciuioornaHH (30Ha iiyabipnaroio khiiciihm). OnnaKO npn najibiiCHixiCM yBCJiHHCiiHH pa3HOCTH 
TeMnepaTyp Me>my ciciikoh h /KH^Koeibio hhcjio iiempoB napoo6pa30BaHHe B03pacTaeT h 
npoHexoflHT cjihhiihc ny3bipbKOB napa n noBepxHOCTb HarpeBa noKpbiBaexca luioxonpoBonamcH 
Tenjio njieHKon neperpeToro napa, hto npHBonm k xnaHHxcjibiiOMy yMeHbmeHnio BCJiHHHiibi a 
(30Ha luiciiOHiioro khiichhb). B xohkc nepexona ot mepnoro k iiJiciiomiOMy KnneHHio 
^ocTnraiOTca MaKCHMajibHbie q n a, Koxopbie ycxanaBJiHBaioxcfl XKcncpHMcnxajibiio. 


57 Bonpoc. Tenjionepeaana npn nepeMeHHbix TeMnepaTypax. Cpe/wan pa3HOCTb 
TeMnepaTyp (npn npnMOTOice, npoTHBOTOKe, CMeuiaHHOM n nepenpecTHOM TOKax). 

HanSojiee Macro xciuionepcnaHa b npoMbimjieHHOCTn upoicKaci npn nepeMeHHbix 
TeMnepaTypax iciuioiiochicjich. TeMnepaTypbi iciuioiiochicjich oobihiio hxmciuhoxch bjiojib 
noBepxHOCTH iciuiooSMCiia F. Ternionepeflana npn nepeMeHHbix TeMnepaTypax 3aBncnT ot 
B 3anMHoro iiaiipaBJieiiHH /ibh/KCiihh iciuioiiochicjich. B HenpepbiBHbix npon,eccax xciuiooSMcna 
B03M0>KHbi CJicnyiouine BapnaHTbi nanpaBJieiiHH jibh/KCiihii /Khjikocxch: 







IlapajiJiejibHbiH 
hjih npaMOTOK, npn 
KOTOpOM 
TennoHOCHTejiH 
flBH>KyTCa B OflHOM 
M TOM >Ke 

HanpaBJieHHH 


IIpOTHBOTOK, npH 

KOTOpOM 

TennoHOCHTejiH 

flBH>KyTCfl B 

npOTHBOnOJIO>KHbIX 

HanpaBJieHHax 


IlepeKpecTHbiH tok, 
npH KOTOpOM 

TeiUIOHOCHTeJIH 
flBH>KyTCfl B3aHMHO 
nepneHflHKyjiapHO 
flpyr flpyry 


CMemaHHbiH tok, npn 

KOTOpOM OflHH H3 
TenjioHOCHTejieii 
flBH>KeTCa B OflHOM 

HanpaBJieHHH, a cpyroii 
KaK np»MOTOKOM, TaK H 
npOTHBOTOKOM K HeMy 


CpecnxH pa3HOCTb TeMnepaTyp npn np»MOTOKe: At cp = 
CpeflHaa pa3HOCTb TeMnepaTyp npn npoTHBOTOKe: At cp 


At„-At K 


In 


At H 


At K 

^max~ 


In 


Atn 


A tv. 


Ilpn CMemaHHOM h nepeKpecTHOM Tone cp. pa3HOCTb TeMnepaTyp Macro iiaxo/w KaK npn 
npOTHBOTOKe. 


58 Bonpoc. Onpe/reJieHiie noTepb TenjioTbi b OKpyacaiomyio cpeay. HnoJifliriioHHbie 
MaTepnajibi. Onpe/reJiemie tojiuihhw cjioh niojiannn. 

Ha npaKTHKe Tenjio iiepcjraciCH nyreM Tpex hjih jiByx bhjiob (koiibcklihh, iciuionpoBoanoci b, 
TenjiOBoe H3JiyneHne). Ecjih tciijiooSmcii MOKcy ciciikoh h BoanyxoM, to Tenjio nepcuacTca 
KOHBeKH,neH h H3JiyMcnMCM. TaKHe npou,eccbi iciuiooijraMH iiocm naiBaiiHC cjio>KHbix h 
TH nnnHbiM npHMepoM hbjihctch noiepn Tenjia CTeHKaMH annapaTOB b OKpyjKaiomyio cpeay. 
Kojihhcctbo Tenjia, orjiaBacMoro ciciikoh TOJibKO nyTeM TenjiOBoro H3JiyneHHa: 




npeo6pa3yeM ero b CJiejryiouiHH bhji 


Qn =*QjiF( t ct—^ w ) 5 iyre 


5.67e np [(4) , -(4) 4 ] 

‘ct — tx , KOTOpblH BBJiaeTCa K03(j) (J)HH,HeHTOM TClUIOOTCaHH 

jiyMCHCiiycKaiiHCM. CyMMapnaa oTflana Tenjia ciciikoh nyreM KOHBeKirnn h TeruiOBoro 
H3JiyMCiiHa xapaKiepH3ycica cyMMapHbiM K03({)({)Hn,HeHT0M iciuiooi/raMH: a « a n 
KOTopbiii b HH>KeHepHbix lacanax name Bcero onpjrcjiacica aMnnpnnecKH no npn6jin>KeHHbiM 

(jiopMyjiaM. == 9,3-f 0,058 /ct. wap yMciibuieiiHa noTepb Tenjia b OKpy^aiomyio cpcjry 
ipySonpoBOjibi h annapaTbi noKpbiBaiOT TenjiOBOH h30ji«iihch. PacMCi TOJimHHbi TenjiOBOH 
H30Jiau,HH Hirer TaK>Keno smiihphmcckhm (JropMyjiaM, htoSbi yMeHbiHHTb TeMnepaTypy Hapy>KHon 
CTeHKH annapaTa. 


59 Bonpoc. HarpeBaHne ocTpbiM h rjiyxHM napoM. 

TpeiomHH areHT - HacbimeHHbin Bojraiioii nap (BbicoKnn K03(J)(})Hn,HeHT icnjiooijraMH, 
nocToaHCTBO TeMnepaTypbi KorurcncanHH, BbicKonn KFIH, cociymiocTb, no*:apo6e3onacHOCTb, 
ho 3aHHHTejibHoe B03pacTaHne caBJienna c noBbimeHneM TeMnepaTypbi). HanSojiee 
pacnpocTpaHeHO HarpeBaHne rjiyxnM napoM, ncpejiaioiiiHM Tenjio neper ctciikh 
iCHJiooOMCiHioro annapaTa. rpeiomnn nap n KOTJia iianpaBJiacica b tciijiooSmciiiihk, icic 
>KH flKCOTb narpeBacica napoM nepe3 paiccjimoiiiyio nx CTeHKy. TaK KaK npa Korurcncripycroi 
npn eonpHKOCHOBeHHH co CTeHKaMH annapaTa, ero bbojiht CBepxy jtjim o6jicihci[h« 3abopa 
KOH/rcncai a. HarpeBaHne ocTpbiM napoM npoH3BOjri a, Korcra rronycmMO CMemeHne HarpeBaeMon 
cpejibi c napoBbiM KomicncaroM, ero bbojiht ncnocpejrci Bcnno b HarpeBaeMyio /Khckoctb. TaKon 
cnoco6 HarpeBa npome n 3(J)(jreKTHBHee, neM HarpeB rjiyxnM napoM. Ecjih oflHOBpeMeHHO c 
HarpeBaHHM /Khckoctb iicooxojihmo nepeMemaTb, ncnojib3yiOT 6ap6oTa>KHbie Tpy6bi. TaK*:e jtjim 
yceiibiiieiiHa inyMa ncnojib3yiOT oecuiyMiibie coonjiOBbie noiroi pcBarcjiH. 


60 Bonpoc. OOpaTHbie XOJIO/IHJIbHHKH. 

XojiOflHJibHHK - 3 to npn6op cum KoiijrciicaiiHH napa npn noMomn oxjia/KTiaiomcH cpejrbi, name 
Bcero BOjibi. Oopai iibiii xojioriHJibiiHK - npHMcnaciCH cum KoiurcncHpoBaiiHH napoB n B03BpaTa 
Korurcncaia b peaKirnoHHyio Maccy. YcTaHaBJinBaiOT TaKne xojiojiHJibiiHKH oobiino 
BepTHKajibHO. B npoMbnnjieHHOCTH Bapnan,ne oopariibix xojiocHJibiiHKOB hbjicich 




peKTH(J)HKaLI,HOHHaa KOJIOHHa, 3a HCKJIIOHCIIHCM Toro, HTO B oSpaTHOM XOJIOflHJIbHHKe He 
npoHexoAHT OTBOfl jici KOJiciyHCH (})paKii,HH, Bee, hto HcnapHJiocb nona^aci oopaino b 
peaKu,HOHHyio Maccy. 



61 Bonpoc. IIpHHUHn Hcnojib30Bamifl h ocoSchhocth ycTaHOBKH KoacyxoTpySnaTbix 
TenjiooSMeHHHKOB (KOH/ieHcaTopoB) b TexHOJioriiHecKHX cxeMax. 

Ko>KyxoTpy 6 Hbie tciijiooSmciiiihkh othoc»tc» k j | /j j' 

MHCJiy nanSojicc Macro upHMCiiHCMbix -rr 2 

noBepxHOCTHbix Tenjioo 6 MeHHHKOB. B hhx ohm a n 3 =£- J- Q l. , rr 

OOMClIHBaiOLUHXCH TenJIOM cpefl HBM/KCTCH BHyipH ^L-P 1 t I - 1 ^2 

Tpy6, a flpyraa - b McnapySnoM npocTpaHCTBe. „ i 

Cpeflbi oSbiHHO nanpaBJiHioi npoTHBOTOKOM flpyr k - ' ■. 1 " ~ r i v 

TT ^ ^ 7 

Apyry. lipH 3 tom HarpeBaeMyio cpe/iy HanpaBJi^iOT - U L - ; . ' 7 

CHH3y BBepx, a cpeny or/iaiomyio Tenno - b i .L- • - _ •' .? 

npoTHBonojio>KHOM HanpaBJieHHH. HanSojice _ j p- ^ B 

pacnpocTpaHeHO pacnojio>KeHHe Tpy 6 no 0 

nepnMeTpaM npaBHJibHbix mecTnyrojibHHKOB “ 5 

BHyTpn iciuioooMcmiHKa, noTOMy icaic Tax /f 

oociHi aciCH HanSojibmaa KOMnaKTHOCTb yKJianicn 

Tpy 6 . Tpy 6 bi laKpemnuoiCH pa 3 Bajibn,OBKon. , 3 ,jbi yBCJirmciniH npomBonriTCJibiiocTii 
TenjiooSMeHHHKa b iicm yci anaBJinBaioioi noncpcmibic neperoponKH KOTopwe zxcjim i Tpy 6 Hoe n 
Me>KTpy 6 Hoe npocTpaHCTBO Ha ceKunn (wnoi oxonoBbic Tenjioo 6 MeHHHKn). Bcjichctbmc stoto 
XIOC'IH iaC'ICH 3 (|)())CKI CMemaHHOrO TOKa, MTO npHBO^HT K B 03 paCTaHHIO HHTeHCHBHOCTH 
iciuiooSMCiia. ,Z],jia yMcnbincinni TeMnepaTypHbix nc(|)opMauHH, oSycjiOBJicmibix 6 ojibinon 
pa 3 HOCTio TeMnepaTyp Tpy 6 n xo>Kyxa, aiiaHmaibiiOH hjihiiiioh Tpy 6 ncnojib 3 yiOT 
KO>KyxoTpy 6 Hbie Tenjioo 6 MeHHHKn c KOMneHcaTopaMn, KOTopbie nonycxaiOT ncKOiopoc 
ncpcMcmciiHC Tpy 6 OTHOCHTejibHO KO>Kyxa annapaTa. 


yBCJIHMCHHH npOH3BOHHICJIbl[OC'IH 


62 Bonpoc. MeTO/ibi BbiiiapiiBamm. BbinapHbie aimaparabi c ecTecTBeHHoii uiipKyjiflpiieH. 

BbinapnBaHneM Ha3biBaiOT npon,ecc KoimempripoBanmi /Khhkhx pacTBopoB nparmnecKH 
iicJiciyHHx bcllicctb nyTeM Macinmioio yn anemia pacTBopmcna ncnapeHneM npn khiiciihh 
/Khhkocih. B npon,ecce BbinapriBaima pacTBopnTejib ynanacrca m 3 Bcero 06'bCMa pacTBopa. 
BbinapnBaHne non BaicyyMOM HMeeT pan npenMynjecTB: cianoBHica B03M0>KHbiM npoBonnib 
npon,ecc npn 6onee hh3khx TeMnepaTypax, yBejinnnBaeTca noncanaa pa3HOCTb TeMnepaTyp. 
BBHny 3TOTO CiailOBHICH B03M0>KHbIM HCn0JIb30BaTb BTOpHHHblH nap, HO yBCJIMHIIBaCTCa 
CTOHMOCTb BbinapHOH yCTaHOBKH. Ilpn BbinapHBaHHH non naBJICHHCM TaK>Ke MO>KHO 
ncnojib30BaTb BTopnHHbin nap, onuaxo BbinapnBaHne non mSbnoHiibiM naBJieimcM conpaaceHO 


c noBbiineHneM TeMnepaTypbi KnneHna pacTBopa, 
no3TOMy iipinonno Jinnib nna TepMOCTOHKnx BemecTB 
n npnBonnT k ncooxonHMOC i H Hcnojib30BaTb rpeiomne 
areHTbi c 6onee bbicokhmh TeMnepaTypaMn. Ilpn 
BbinapnBaHne non aiMOC(|)cpnoM naBneinm 
BTopnnHbin nap He ncnojib3yeTca, Taxon mciozi 
aBJiaeTca HanMeHee 3KOHOMHHHbiM, ho nanSonce 
npOCTbIM. PaCCMOTpHM KOHCTpyKIl,HIO onniiomioro 
BbinapHoro annapaTa c ecTecTBemiOH n,HpKyjian,Hen 
pacTBopa. BbinapnBaeMbin pacTBop nonacica b xaMepy 
n, nonoipcBaHCb, nonimMacrcx no KniurmjibHbiM 
ipySaM (nap nonacrca b Me>KTpy6Hoe npocTpaHCTBO), 
3aTeM b BepxHen nacTn annapaTa nponcxonHT 
oincJiciiHC BTopnnHoro napa ot pacTBopa, BTopnnHbin 
nap ynajiHCiCM CBepxy, BbinapeHHbin pacTBop 
nonanaci b n,npKyjian,HOHHyio ipy6y. Ecicci BcmiaH 
n,npKyjian,Ha no 3aMKHyTOMy KOHTypy noci Hi aci ca 3 a 
cneT pa3HOCTn nnoTHOCTen BbinapeHHoro pacTBopa n 
BbinapnBaeMoro. 





63 Bonpoc. BbinapHbie annapaTbi c ecTecTBeHHoii h npHHyairrejibHOH pHpKyjiflpiieH, c 
BbineccHHOM rpeiomett KaMepoii. 


Bmopuviioiu. 
nap 
w.l 



MCTOdHDlU 

paomBop 


r pen>utuu 
nap 

o, / r 


rpetoutuu 

najT m ~ 


rtOHdeticacn. 
D, c'.B 



Bmopuwbiit 

nap 

♦ 


ynapiHsuu .■ 
pacmtop ' 

'*S£5!? rpexmuu^ ' 
H nap 

. , HC lodH&U 

jfy pacmSop 


MCT OdnoiU 

' pa cmSop 



HCTodmu 

pacmBop 


UCXoBhpCl 

pacmtcp 


BbinapHBaeMbiM pacTBop 
noflaeTca b KaMepy n, 
noflorpeBaacb, nonm-iMacTCH 
no KnnaTHJibHbiM Tpy6aM 
(nap nonacrcM b Me>KTpy6Hoe 
npocTpaHCTBo), 3aTeM b 
B epxHen nacTH annapaTa 
nponcxo^HT othcjiciihc 
BT opnnHoro napa ot 
pacTBopa, BTopnnHbin nap 
ynajniciCH CBepxy, 

BbinapeHHbin pacTBop 

nona^aeT b 

n,npKyjian,HOHHyio Tpy6y. 
EcTCCTBcmiaH n,npKyjian,na 
no 3aMKHyTOMy KOHTypy 
floCTnraeTca 3a chct 
pa3HOCTH nnoTHOCTen 

BbinapeHHoro pacTBopa n 
BbinapnBaeMoro. 


Ilpn pa3MCUiCIIHH 

HarpeBaTejibHon Ka\icpbi BHe 
Kopnyca annapaTa 

noBbimaeTca HHTeHCHBHOCTb 
BbinapHBaiiHM 3a cm ex 

yBCJIMMCIIMH pa3HOCTH 

nnoTHOCTen b 

n,npKyjian,HOHHOM KOHType n 
3a CMC! yBCJIHMCIIMH flJIHHbl 
KnnaTHJibHbix Tpy6. TaK>KC 
BbiHOCHaa KaMepa nerKO 

OTnCJIHCICH, HTO OOJICIHaCT 

o6cjiy>KHBaHHe. riojiynnnn 
mnpoKoe pacnpocTpaHeHne 
ojiaionapan 

yHHBepcajibHO cth, ynoociBy 
3KcnjiyaTan,nn, xopomen 
Tennonepeflane. 


/(jIH yCipailCIIMH OTJIO/KCIIMH 
HaKnnn b ipy6ax 

ncooxonHMbi 6ojibmne 

ckopocth nupKyjiauMM. B 
annapaTax c 

lipHliynHICJIbllOH 
UMpKyjiHUMCM CKopocTb ee 
onpcncjiaciCH 
npOH3BOflHTeJIbHOCTbK) 
n,npKyjian,HOHHoro Hacoca n 
He 3aBHCHT OT BbICOTbl 
ypoBHa >KHflKOCTH b TpySax 

HJIH OT HHTeHCHBHOCTH 
napooopaaoBanMH. KnneHne 
npOHCXOflHT TOJIbKO Ha 
kopotkom ynacTKe Ha Bbixo^e 
H3 xpy6. Bame Bcero 
ncnojib3yiOT nponejniepHbie 
Hacocbi noTOMy icaic ohh 
cnocoSiibi nepcKaMMBaib 
OOJIbLUMC oS'bCMbl /KHHK'OC'IH 
npn yMeepHHon pacxofle 
3Heprnn. 






64 Bonpoc. CxeMa Bbiiiapnon ycTaHOBKH 
HenpepbiBHoro aeiicTBHH. 

IIpHHLi,Hn jicmctbmh ycTaHOBKH HenpepbiBHoro 
JICMCTBMX COCTOHT B HenpepLIBHOH llOJiaiC 
BbinapHBaeMoro MaTepnajia h oflHOBpeMeHHOM 
3a6ope BbinapeHHoro Marcpiiajia, npn 
^OCTH>KeHHH hm onpcjicmioii KonucmpaHMu. 

TaKHe ycTaHOBKH Moryr 6 bitb 
O flHOKOpnyCHbIMH (O MCI lb peflKO) HJIH 

MHOTOKOpnyCHblMH. C03#aHH5I ^BHVKyiHCH 

CHJibi oobiMiio Hcnojib3yeTca naiiiciaiouiMH 
Hacoc fljia noflann HBaKyyM Hacoc fljia 3a6opa b oflHOKopnycHbix ycTaHOBOK, TaK KaK 
Hcnojib30BaHHe o^hoto Hacoca He no3BOJiHT npoBOflHTb npou,eccbi oflHOBpeMemio. ,H,Jia 
MHoroKopnycHOH ycTaHOBKH Hcnojib3yci ca TOJibKO o#hh Hacoc, cocajiaioiiiHM h36bitok naBJicinui 
b nepBOM Kopnyce hjih BaKyyM b noaicjincM. 

65 Bonpoc. MHoroKopnycHoe BbinapHBaHHe. CxeMa npaMOTOHHOH Bbiiiapnoii ycTaHOBKH. 

IIpHHLI,Hn ZICHC'IBHH yCTaHOBKH 

HenpepbiBHoro fleHCTBHa (hjih 
MH oroKopnycHbix ycTaHOBOK) coctoht b 
MH oroKpaTHOM Hcnojib30BaHHH Tenjia 
rpeiomero napa, nocTynaiomero b nepBbin 
Kopnyc, nyTeM ooorpeBa Kaacfloro 
CJicjiyiouiero Kopnyca btophhhmm napoM 
H3 npejibijiyHicio Kopnyca. B t3khx 
ycTaHOBKax npHcyTCTByeT 3(j)(j)eKT 
caMOHcnapeHHa napa H3-3a pa3HOCTH 
^aBJieHHH b KaiKflOM nocjicjiyiomeM 
Kopnyce. PaiJiHiaior ycTaHOBKH iipaMOiOMiibic h npoiMBOiomibic, c napajuiejibHbiM nHTaHHeM 
KopnycoB h 6e3, no# paapoKcnucM hjih no# naSbriomibiM #aBjicnHCM. 

66 Bonpoc. IIoJiHafl h nojie3Haa pa3HOCTb TeMnepaTyp npn BbiiiapiiBamm (TeMnepaTypHbie 
noTepn). 

06 man pa3H0CTb TeMepaTyp ecTb pa3H0CTb MC>K#y iCMiiepaiypoH nepBuinoro napa h 
T eMnepaTypoM nacbiiiienHx napa b Konjicncaiope A6>6m — T'i — T'koha . Oouiaa pa3H0CTb 
TeMnepaTyp He moikct 6bitb nojiHOCTbio Hcnojib30BaHa, nosTOMy nojicanaa pa3H0CTb TeMnepaTyp 

r- A^no/I ~ ^koha ^ tt 

6y#eT paBHa: . 1 loicpn CKJiajibiBaioiea H3 iCMnepaiypiiOH, 

i Hjipoeiai HHCCKOH h i HjipaBJiHMCCKOH #cnpeccMH. Tcciieparypiiaa flenpeccHa paBHa pa3H0CTH 
Me>K#y TeMnepaTypoM khiiciihii pacTBopa h TeMnepaTypoM khiiciihh hhctoio pacropm cjih npn 
OflHHaKOBOM jiaBJiciiHH. rHjipociaiHHCCKaa flenpeccna ooycjiOBJiena TeM, mo bcjic#ctbhc 
i Hjipoc'iaiHHCCKoro jiaBJieiiHa cioJiSa 5kh#kocth h napo-iKH^KOCTHoM 3MyjibCHH b ipy6ax 
TeMnepaTypa khiiciihii HH>Kepacnojio>KeHHbix cjiocb 5kh#kocth oyjiei 6ojn>me hcm TeMnepaTpya 
BbnnepacnojiovKcmibix. r H#paBjiHHecKaa jicnpeccun CBmana c niapaBJiimccKiiMH 
COnpOTHBJieHHBMH (ipCIIHIl H MeCTHbIMH COnpOTHBJieHHHMH), KOTOpbie XIOJIVKIIbl lipCO#OJICBaTb 
>KH#KOCTb H nap. 

67 Bonpoc. MaTepHajibHbiM h TenjioBoM SajiaHC npopeccoB BbiiiapuBauun. Pacxo# napa Ha 
npopecc BbinapHBaHHH. 

Gffbf, _ G K b K 

06mnH MaTepHajibHbiM 6ajiaHC ‘-'a — 4- W ? Mai Sajianc no cyxoMy BemecTBy 100 100 






Hame Bcero 3a#aHbi G H , b H , h b I{ hjih pacxo# hcxoahoto pacTBopa, h KOHu,eHTpaii,HH hcxoahoto h 
KOH enHoro pacTBopoB. 3ira« 3 th bcjihihiibi HaxoflaT npoH3BO^Hicjibiioib annapaTa no 


ynapeHHOMy pacTBopy n no BbinapeHHon bojic 


= W = G»-G K = G H (l-lj) 


GhG + D/p — G K i K + WI -f- Di' + Qkohu, + Qn 


r«e 


YpaBHeHne TennoBoro oajianca HMeeT bh# 

D — pacxo/i, rpeiomero napa, / r — aHTanbnnn BTopnnHoro napa, 

/ — aHTanbnnn BTopunHoro napa, i H = c H t H — SHaT/ibnuH ncxo^Horo pacTBopa, 

i K — c K t K — aHaTnbnnn ynapeHHoro pacTBopa, i' — c'9 — SHaT/ibnun KOH,a,eHcaTa rpeiomero napa 


c K , c H , c — TennoeMKOCTH ncxo^Horo, KOHenHoro pacTBopoB n KOH^eHcaTa n nx TeMnepaTypbi 


t K , t H , 6, COOTBeTCBeHHO 


68 Bonpoc.. OcHOBHbie CBoiicTBa BJiaacHoro B03,nyxa. ,U,HarpaMMa PaM3HHa. 

Bna>KHbiH ra3 hbjixctch CMeebio cyxoro ra3a n Bojianoro napa, name Bcero paccMaipuBacica 
BJia>KHbiH B03ayx, CMecb cyxoro BOiayxa n BJia>KHoro napa. Aocojnoiiiaa BJia>KHOCTb 
oiipcacjiacica kojihhcctbom Boajinoro napa b ki, co/iepacameroca b 1 m 3 BJia>KHoro B03ayxa. 
O'i nocH icjibiiaa BJia>KHOCTb - 3 to OTHomeHne Maccw Boaanoro napa b 1 m 3 BJia>KHoro BOiayxa 
npn aamibix ycjiOBHax, TeMnepaType n oolhcm oapo\icip hmcckom jiaBJiciiHH y MaxcnMajibHO 
bo3mo>khoh Macce BOflaHoro napa bIm 3 B03#yxa. B cootbctctbhh c ypaBHeHneM McnjicjiccBa- 

<D = 

KnanenpoHa: Pu mo>kho cpaBHHB btb npocTO .qaBJieHHa. Bjiarocoflepacamie noKa3biBaeT 

Maccy BOflaHoro napa npnxoflamyioca Ha 1 kt abcomoTHO cyxoro B03#yxa. H 3 ypaBHemia 

18 <PPh 

McnacjiccBa-KjiaiiCHpona n H3 OTHOCHTejibHon BJia>KHOCTH nonynaeM 29 p ~ f pH . 

3HTajibnna BJia>KHoro Boaayxa onpe^ejiaeTca xax cyMMa 3HTajibnnn cyxoro Boaayxa n Boaanoro 

napa. , napaMeTpbi BJia>KHoro B03#yxa mo>kho c flocTaTonHon ^Jia pacneTOB 

TonHOCTbio onpcacjiH'i b npn noMonjn ^narpaMMbi PaM3HHa. Ha jiHarpaMMC HaHeceHbi: jihhhh 
nocToaHHoro BJiarocoflepacaHHa - BcpiHKajibiibic jihhhh; jihhhh nocioannoH 3HTajibnHH - 
npaMbie, noa yuiOM 135 rpaji. k ropH30HTy; jihhhh nocToaHHon ornocHicjibiiHO BjiaacHocra; 
aHHHHno ct oaHHbix TenMnepaTyp hjih H30TepMbi; JIhhhh napunajibiibix iiaaj iciihm bojibiioi o napa 


69 Bonpoc. IIoTeHUHajibi cyuiKH. TeMnapaTypa tohkh pocbi. TeMnepaTypa MOKporo 
TepMOMeTpa. 

TeMnepaTypa tohkh pocbi - TeMnepaTypa, ,qo KOTopon iicooxojihmo oxjiajiH i b BJiaacHbiii BOijiyx 
hto6bi oh CTaa HacbimeHHbiM npn nocToaHHOM BJiarocojicpaauiHH. (jiJia oiipeacjiciiHa npoBOjiar 
BepTHKajibHyio jihiihio jio iicpece L iciiHa c (J)n=100%) 

TeMnepaTypa MOKporo TepMOMeTpa - TeMnepaTypa, npn KOTopon BOijiyx HacbimaeTca BOjiaiibiM 
napoM npn nocToaHHon 3HTajibnnn B03jiy3xa. (jiJia onpejiCJiciiHH upoBOjia r jihiihio nocToaHHon 
omajibiiHH B03jiyxa no nepeceneHna c cJ)h=1 00%) 

norcnuHaji cyniKn - pa3HOCTb Mcacay TeMnepaTypon B03jiyxa n TeMnepaTypon Moxporo 
TepMOMeTpa, xapaKTepn3yiomaa cnoeobHOCTb B03#yxa noraomaTb BJiary H3 MaTepnaaa. 


70 Bonpoc. Pacxoa B03^yxa h Tenjia npn kohbckthbhoh cyuiKe. 

nycTb B03jiyx b cyinnjiKy nocTynaeT c iianajibiibiM BJiaroeojiep>KaiiHCM, pacxon abcojiioriio 

cyxoro B 03 flyxa Ha Bxofle n Bbixo^e H 3 cyninjiKn o^HHaKOB, a BJiarocoflepacaHne Ha Bbixo^e paBHO 

w 

X 2 , Tor^a HMeeM: Lx 0 + W = Lx 2 , nojiynaeTca L — -, 

X 2 -X 0 

H 3 TennoBoro Sajiaiica jiJia kohbckthbhoh cyiunjiKH 

Qk 4- Qfl = L — fo) + 9i) + ^tCt (^n ^th) — Wc B Oj -f- Q n q k h b cyivnvie 

flaiOT o6mHH pacxoA Tenaa. OopMyjia movkci nc3iia L iHrcjibiio MeHaTbca jiJia pa3Hbix peacHMOB 
CyiHKH. 



71 Bonpoc. KpiiBaa cyuiKH, ckopocth cyuiKH h TeMnepaTypHan Kpimaa. IlepBbiH 11 BTopoii 
nepno/iBi cyuiKH. 

3aBHCHMOCTb MOK^y BJia>KHOCTbK) MaTepnana h BpeMeHeM HHOopavKacrca kphboh cyniKH, 
KOTopyio cipoai no oiibmibiM namibiM. Ilocjie ncoojibiuoio nepno^a nporpeBa HacTynaeT 
nepnofl nocioamiOH ckopocth cyniKH (I ncpnoA) no nepBon kphihhcckoh BJia>KHOCTH, nocne 
KOTopon naHMiiacTCH nepnon iianaiouiCH ckopocth cyniKH (II Iicpnon). Oh coctoht h3 AByx 
ynacTKOB, Koropbic paancjiaiOTca B i opoii kph i hhcckoh BJia/Kiiocibio. B KOHu,e BToporo nepnona 
cyniKH BJiavKiioc'i b Maicpnajia ac h m i iioth h cc k h iipnGjiH/Kacrca k paBHOBecHOH, mo OHnanaci 
nonHoe npeKpameHne najibiicniucro HcnapciiHH. CKopocTb cyniKH ecTb othoihchhc BnaacHocra 
Maicpnajia ko BpeMeHH. TeMnepaTypa Maicpnajia TaK>Ke hbmciuictch b 3aBHCHMOCTH ot BpeMeHH. 



72 Bonpoc. H3o6paaceHHe h auajiH3 BapnamoB cyuiKH (HopMajibHoro u c npoMeacyTOHHbiM 
no/jorpeBOM B03Ayxa) Ha AiiarpaMMe PaM3HHa. 



CyniKa c nacTHHHbiM nonorpeBOM B03Ayxa CyniKa c npoMe>KyTOHHbiM noAorpeBOM B03Ayxa 
b cyniHJibHOH KaMepe. 5Ibjhic'ich no 30HaM. Bo3Ayx HarpeTbiii bo bhchihcm 
MOAH(J)HKaii,HeH HopMajibHoro pe>KHMa KajiopH(|icpc, npoxoAHT 30Hy 1, rAe H3BJieKaeT H3 
cyniKH, mo>kho paccMaTpHBaTb ee, TaK KaK Mai cpnajia naci b bjibih, nonaAaeT b 
He CHJibHO oniHHaiorca. B HopManbHOM iipoMC/KyromibiH KajiopH(|)cp, 3aTeM neepxoAHT 
pe>KHMe coanaiorcM vkcctkhc ycjiOBna b 30Hy 2, rAe oiia i b aaSupacr BJiary y Mai cpnajia 
cyniKH. Bo3Ayx pa3orpeBaeTca ao h t.a. TaKHM o6pa30M B03Ayx npoxoAHT 
Tpe6yeMOH TeMnepaTypbi OAHOKpaTHO h nocjieAOBaTejibHO Bee 30Hbi, b Ka>KAOH h3 
cyniHT Marcpnaji npn nocroamion KOTopwx ocymecTBaneTca npou,ecc cyniKH no 
OHTajibnHH. B cyniHJiKe c HacrnmibiM ochobhoh cxeMe. IIooTOMy h3mchchhc 
noAorpeBOM B03Ayxa b cyniHJibHOH coctohiihh B03Ayxa hocht cryncimarbin 
KaMepe, am ajibiwn B03Ayxa xapaKTep. 3to no3BOJiaeT KOHTponHpoBaTb 

yBenHHHBaeTCB He TOJibKO nepeA cyniKOH, TeMnepaTypy ao Koxopon iiai peBacrcH B03Ayx h 
ho h HenocpeACTBeHHO bo BpeMa, h io co3AaBaTb HiananiHe ycjiOBna ajih nojiHOu,eHHOH 
ii03B0J[acT BbiSpaib 6onee inaAaiHHC 

















yaiOBHH cynncn. Pacxoflbi ace Boanyxa n 
Tenna paBHbi HopMajibHOMy peacnMy. 


cynncn. Pacxoflbi ace Boaayxa n Teiuia paBHbi 
HopMajibHOMy peacnMy. 
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73 eonpoc. MaTepHajibHbiii Sajianc npopecca cynncn (no o 6 men Macce n no BJiare). 

BajiaHC no Macce Bcero MaTepnajia: — ^ ^ 


BajiaHC no aScojiionio cyxoMy BCUieci By b BbicymnBaeMOM MaTepnane: 


. 100 — w x _ ^ 100 — o> 2 
1 100 * 100 


G = G 100 ~ w * 
oiKyaa cjicayc'i 1 3 100 — w t 


_ r 100 — ttij 

Gi ~ G1 "ibo-w,, 


W = G l —G t 


w. — w, 

w = °i - , - 0 Q -—- W = G 2 

, o i Kyna cjicaycx: 1UU “» hjih * 

w 

BajiaHC no BJiare: : Lx 0 + W — Lx z , nonynaeTca L — - 

X 2 -X 0 


nonynaeTca, hto MoacHO 3ancnaTb 
su t — w 2 
100 — w. 


74 Bonpoc. CxeMa KOHBeKTHBHon cyninjibHon ycTaHOBKH c HameTaTeJibHbiM n BbiTnacHbiM 


BeHTHJlflTOpaMH. 



75 Bonpoc. H 3 o 6 paaceHne n aHajiH 3 Ha /inarpaMMe PaM 3 HHa npopecca cyniKH c 
peunpKyjiflunen nacra OTpaSoTaHHoro B 03 Ayxa. 




















































IIpH cyniKe no otoh cxeMe lacib OTpa6oTaHHoro B03nyxa B03BpamaeTca n CMeniHBaeTca ncpcn 
Hapy>KHbIM Kaj[OpH(|)CpO\l CO CBC/KHM B03flyX0M, HOCTyiiaiOLHHM B CyniHJIKy. TcOpCTHHCCKM 3TO 
oiiiaiaer, hto BJia>KHOCTb B03#yxa, iiociynaiOLncro b Kajiopn(|)cp 6y^ci paBHa cpcjmcii 
apn(f)MeTHHecKOH BJia>KHOCTeH cbokcio h oipaSoiamioro B03nyxa c yneTOM KpaTHoern 
CMeniHBaHna. CyniKa npoH3BO#HTca npn 6ojiee hh3khx TeMnepaTypax B03nyxa n b cpcae 6ojiee 
BJia>KHoro B03nyxa 6e3 Hcnojib30BaHHa aonojinmcjibiibix yBJia>KHHTejieH. HHTeHCHBHOCTb Tenno 
n Bj[aroo6\icna cyniKn B03pacTaeT b cb»3h c yBCJiMHCiiHCM 06'bCMa nupKyjiMpyiomero B03nyxa n, 
cooTBeTCTBeHHO, ero cxopocTn. Pacxoflbi Tenna n B03nyxa ojmnaKOBbie kbk h npn HopMajibHOM 
npon,ecce. 

76. OopMbi CBH3H BJiarn c aHcnepcHbiM MaTepnajioM. K\iaccii(|)iikannH BJiaacHbix 
MaTepnajioB KaK oSbeKTOB cyuiKii. rHrpocKomiHecKaH h paBiiOBeciiaii BJiaacHOCTb. 

Bnara a cj hitch Ha yaajiHCMyio (cBOOOjmyio) n He yuajiacMyio (ycTOHHHByio hjih paBHOBecHyro) 
OopMbi cbh3h BJiarn c MaTepHajiOM: 

• Xhmhhcckh CBmamiaa BJiara (rmipaniaa hjih KpHCTajuiH30BaHHaa) - nanSojice nponHO 
CBH3ana c MaTepnajiOM h npn o6biHHOH cyrnice He yaajiHCTCH. 

• cpH3HKO-xHMHHecKaa CBH3b: aacoponpoBamiaa BJiara (naxoamcH b MHKponopax h 
njiOTHO yacp>KHBac'i ca Ha noBepxHOCTH h b nopax MaTepnajia aacopoHMomibiMii cnjiaMH, 
nponHO CBH3ana c Mai cpnajiOM h npn cyniKe nojiHOCTbio He yzjajiaeTca) h ocMOTHnecicaa 
BJiara (BJiara naSyxaiiHa, naxoHHi ca Biiyi pn/MC/Kny MOJiexyjiaMH MaTepnajia h He MeHee 
nponHO y^epacHBaeTca ocmoi hhcckhmh cnjiaMn). 

Bee JIC HMeiOT paBHOBecHyio BJia>KHOCTb, KOTopaa 3aBHCHT ot TeMnepaTypbi OKpyacaiomen 
cpejibi h ee BJia>KHOCTH. PaBHOBecHaa BJiaamocTb npn (p= 100% iiaibiBacica max 
rarpocKommecKon BJia>KHOCTbK) hjih rarpodconnHecKon tohkoh MaTepnajia. npn 
rarpocKonKnecKoii Tonice MaTepnajia (p=100%, ^aBJieHHe BOflaHoro napa b BbicyiHHBaeMOM 
MaTepnajia 6yaci paBHO aaBJienmo bojihiioio napa b B03nyxe npn Taicon ace TeMnepaType. 


77 Bonpoc. CyuiHJiKH: imeBMaTHHecKaH, a3po(])OHTaHHafl, Knnamero cjioh. 








Bo?d)?c 


Mamcpmu 


l 2 



M(tmepu(u 


RnaMHbiu 

namepuan 



CyniKa oeymecTBJiaeTca 
b BepTHKajibHOH rpy 6 e. 
HaciHUbi Maicpnajia 


JIBH/KyTCfl 

HarpeToro 

CKOpOCTb 

npeBbiniaeT 

BHTaHHa 


b noTOKe 
B03flyxa, 
KOToporo 
CKOpOCTb 
nacTHii, h 


cocTaBJiaeT 10-30 m/c. 
Ilpouccc cyniKH ajihtcji 
ccKyn^bi, He bcio BJiary 
c^aeTca ncnapHTb. 

IlOflXOAHT flJIH 

3 epHHCTbIX MaTepHajiOB c 
HeSoJIbHIHM pa 3 MepOM 
nacTHH, (flo 8-10 mm) 
Hiianc ciiH/KacTCH 

3(f)(j)eiCTHBHOCTb CyHIKH. 


A 3 po(J)OHTaHHbie cyniHJiKH 

HMeiOT 6 ojiee paBHOMepHyio 
cynixy, hx ocooemiocxb 
3 aioiK)HaeTca b tom, hto 
B ocxo/iamaa CTpya ra 3 a, 
ocymcci BJiHx nHeBMOTpaHcnopT 
BoexoAanjHM noTOKOM ra 3 a 
BbinojiHaeT TaK>Ke (j)yHKii,Hio 
UMpKyjiMHHH (nepcMeuinBaiiHa) 
MaTepnajia, Tax icaic He Becb 
Maicpnaji yBJicKacTCn noTOKOM 
B 03 flyxa, Hacib no CTeHKaM 
B 03 BpamaeTC» b cjioh 

Maicpnajia. Macioia 

U,HpKyjiaU,HH 3 aBHCHT OT 

ckopocth ra 3 a. Mmiycbi b tom, 
hto bo Bpcxia cenapau,HH Ha 
H,HKJIOHe npOHCXOAHT 

H 3 MejibHeHHe MaTepnajia. 


ripOU,eCC B KHIHHHCM CJIOe II 03 B 0 JIHCT 
yBeJIHHHTb nOBepXHOCTb KOHTaKTB 
Me>Kfly HacTHH,aMH Maicpnajia h 
cyniHJibHbiM areHTOM, 

HHTeHCH(J)HH,HpoBaTb HcnapeHHe 
BJiara h coKpaTHTb 

npOflOJDKHTeJIbHOCTb cyniKH. 

CyniHJibHbiH areHT npoxoAHT nepea 
OTBepcTHa raaopacnpc^cJiMicjibiiOH 
pemeTKH c 3 a^amiOH CKopocTbio h 
iio^cp/KHBac'i Marcpnaji b kmiihihcm 
coctobhhh. OrpaSoTainibic ra 3 bi 
i io ilaziaioi b annapaTbi (J)HJibTpau,HH 
h BbiSpacbiBaiOTCH b aTMOC(|)epy. 
Ilpn aojdkhom annapaTypHOM 
o(J)opMJieHHH npoH,ecca AocraraeTca 
3 KOHOMHHHaa CyHIKa C BbICOKHM 
BJiarocbeMOM c c^hiihubi oObCMa 
cyniHJibHOH KaMepbi. 


78 eonpoc. CySjiHMapHOHHaH cyuiKa. 

Cynixa MaicpnajiOB b 3 aMopo>Kem[OM cocto»hhh, npn Koiopow 
HaxoflaHjaaca b hhx b bhac Jibjia BJiara nepexoAHT b nap, MHHya 
>KHAKOe COCTOBHHe, Ha 3 bIBaeTCa Cy 6 jIHMaU,HOHHO HJIH 
MOJieKyjiapHOH. Taicaa cynixa npoxoAHT b niyOoKOM BaxyyMe h 
npn hh 3 khx TeMnepaTypax. Teiuio ncpcjiacTCH 
npeHMymecTBeHHO pajinauMCH. ripou,ecc yziajiciiMH BJiara H 3 
Maicpnajia iipoiCKaci b ipn CTa ahh: npn chhikchkh jiaBJieiiMH b 
cyiHHJibHOH xaMepe nponcxoAHT Sbic'i poc caM 03 aMopa>KHBaHHe 
BJiara h cy 6 jiHMaii,Ha Jib^a 3 a chct Tenjia, OTAaBaeMoro caMHM 
MaicpnajiOM, npn stom yAajiaeTca 15% BJiara, y^ajiciiHC 
ochobhoh BJiarn cy 6 jiHMau,HeH, hto eooTBeTCTByeT nepnoAy 
nOCTOBHHOH CyiHKH, H yABJICIHIC OCTaTOHHOH BJiara TenJIOBOH eyiHKOH. IIpHMeHeHHe 3 TOTO 
AoporocToamero cnocooa cyniKH ii,ejiecoo 6 pa 3 HO jihlub b Tex ejiynaax, koiat k BbicymeHHOMy 
npoAyKiy npcA'bHBJHiio'iCH BbicoKne ipeooBanHM coxpanciiMx ero cbohctb npn ajihicjibiiom 
xpaHeHHH, He Bbuicp>KMBaioiiiMx oobimibix TeiuiOBbix mctoaob cyniKH, AJia coxpancnHH hx 
OHOJIOTHH eCKHX CBOHCTB. 



79 eonpoc. CyuiHJiKH: JieHTOHHaa, 6apa6aHHasi, rpeSKOBaa. 





B 3thx cyniHJiKax cyrnica 3 th cyninjiKH inupoKO B sthx KonraKTHbix 
MaTepHajiOB nponcxo^Hi npHMcmnoTca ^jia cyniHJiKax ncpnonHHCCKoro 

HenpepbiBHO i ip m HenpepbiBHoil cyniKH npn nciiCTBux cxopocTb cyniKH 

aTMOC(})epHOM ^aBJICHHH. aTMOC(J)epHOM aaBJICHHH HeCKOJIbKO yBCJIHMHBaC'ICH 3a 

Maicpnaji aBH/KCica Ha KycxoBbix, 3epHHCTbix h chci ncpcMCinuBaiiHa 

SecKOHenHOH jieHTe, cbinynHx MaicpnajiOB. MaTepnajia McnJicmio 

HaTBHyTOH Ha 6apa6aHbi, o^hh HMeeT nHjiHHnpHHecKHH BpanjaioineHca 
H3 KOTopbix BcayniHH. 6apa6aH c ncoojibuiHM ropH30HTajibHoii MemajiKOH c 
Bjia>KHbiH Mai cpnaji iioaacioi HaKJiOHOM k ropH30HTy, rpeoKaxiH. I1 oxo>kh Ha 
Ha oflHH KOHeu, jieHTbi, a ounpaiouiMHca Ha pojihkh. 6apa6aHHbie, 3a 

iioacymcmibiH ynajiaeTca c McnJicmio Bpauiacica. hckjiiohciihcm toto, hto 
apyi oi o KOHH,a. Cyrnica HMeeT iiohth no Been jtj in 11 c hmcctch Baji c 

ocymecTBJiaeTCfl ropanHM cnenHajibHyio Hacanicy, 3aKpenjieHHbiMH Ha HeM 
B03ayx0M hjih TonoHHbiMH KOTopaa oSecnciMBacT B3aHMHO nepneHnHKyjiapHO 

ra3aMH, KOTopbie nBHacyrca paBHOMepHoe rpcoKaMH, H30THyrbie b 

npoTHBOTOKOM hjih pacnpcncjicniie h xopomee pa3Hbie CTopoHbi Ha pa3Hbix 

nepexpecTHbiM tokom k nepeMemHBaHHe MaTepnajia CTopoHax 6apa6aHa. 

HanpaBJieHHio nBiT/KCinia no cchcihiio 6apa6aHa, a CHaSaceHa peBepcHBHbiM 
MaTepnajia. rpoM 03 £KH, Taioice TecHoe npHBonoM h cboSo^ho 

CJio>KHbi b o6cjiy>KHBaHHH, conpHKOCHOBeHHe c nepcKaibi btioihh \i hcm 

Majiaa iiponiBonHTCJibiiocTb h cyniHJibHbiM areHTOM, ipySaMH Meacny rpeSicaMH, 

BbicoKne pacxoflbi. KOTopbiii nonacrca ciiocoScTByiomiiMH 

npaMOTOKOM. Haca^KH nonojinmcjibiiOMy 

BapbnpyiOT ncxona H3 nepeMeniHBaHHio. 

CBOHCTB BbieyiHHBaeMOrO 
MaTepnajia. 


80 Bonpoc. PacnbiJiHTeJibHbie cyuiHJiKH 

B 3thx cyniHJiKax jioc'i h l ac i ca BbicoKaa 
HHTeHCHBHOCTb ncnapeHHa BJiam 3 a CHCI 
tohkoto paciibuicnHH BbicyniHBaeMoro 
MaTepnajia b cyniHJibHOH KaMepe, nepe3 
KOTopyio npoxoflHT cyniHJibHbiH areHT. 
n P H cyniKe b pacnbuieHHOM coctobhhh 
yncjibiiaa noBepxHOCTb MCiiapeiiMa ohciib 
BejiHKa, mo bcjict k ycKopeHHio 
nponecca cyniKH h OHa npoxo^HT oneHb 
SbiCTpo (15-30 cex). npnneM 
TeMnepaTypa nacTHu, He npeBbimaeT 
TeMnepaTypy annaSaiMHCCKOio 

ncnapeHHa hhctoh >khakocth, nosTOMy 
CyiHKa HJIC'I He TOJIbKO Obicipo, HO H MBTKHX yCJIOBMHX. PaCnblJieHHe IipOXOJIHT MCXaiHIMCCKH 
(MeHee 3aTpaTHO, ho 6ojiee lyBCTBincjibno k 3acopeHHio) h iiiic bm ar h hcc kh (6ojiee 3aTpaTHO, 
pacnbuieHHe He l aKoe paBHOMepHoe). Maine npHMCiiM i npaMOTOK ra3a (no3BOJiaeT npoMiBoniTib 





cyniKy npw bbicoxhx TeMnepaTypax ra 3 a 6e3 neperpeBa), ho SbiBacr h npoTHBOTOK (cxopocTb 
oca>KfleHHa MeHbrne, aicaoBai cjibiio, yBCJiMHUBac ica njiOTHOCTb npoayK i a). 

81 Bonpoc. CxeMa ycTaHOBKH c BaKyyM-cyuiHJibHbiM iiiK'a(|)o\i. 

IIpOCTeHHIHMH KOHTaKTHbIMH CyHIHJIKaMH HCpMOUMHCCXOrO 
fleHCTBHS SBJUHOTCfl BaKyyM-CyHIHJIbHbie HIKa(J)bI, KOTOpbie B 
naciOHLHCC Bpc\ia ncnojibayioica ^jib cyniKH MajiOTOHHa>KHbix 
npoflyKTOB, 171 c npHMeHeHHe BbicoKonpoHiBoaiiTCJibiibix 
cyniHJioK He oiipaBnano. Taxon mxa(j) npcaciaBJiac'i co6oh 
H,HJiHHflpHHecKyio xaMepy, b xoTopoft paiMemeiibi nojibie njiHTbi, 
oSorpcBacMbie bo#oh hjih napoM. Marcpnaji naxonMTCH Ha 
npoTHBHBx, ycTaHOBJieHHbix Ha njiHTax. Bo Bpexia paSo i bi xaMepa 
repMeTHHHO 3 axpbrra h coeamicna c ycTaHOBKOH ^Jia coanaiimi 
KondeHcam BaxyyMa. 3arpy3xa h Bbirpy3xa npoH3BOflaTca BpyHHyio. 
IIoflxoflaT, KaK h Bee BaKyyM-cyniHJiKH, fljia cyniKH jierxooxHCJBiiomHxca, B3pbiBOonacHbix, 
Bbl^eJHHOHIHX Bpcailbic HJIH H,eHHbie ra3bl BemeCTB, HO MajI0np0H3B07HICJIblIb[ H 
MajI03(J) (J)eKTHBHbI. 


82 Bonpoc. KoHCTpyKpHH KpHCTajiJiH3aTopoB (BajibpoBbiH, oapaoamibiii, Ka'iaiomnncH) 



AnnapaT npcaciaBJiMCi OcnoBiiaa nacib annapaTa - Taxon xpHCTajuiH3aTop 
co6o ropH30HTajibHbiii cjierxa naKJiomiaa npcncxaBJuiCT co6oh 

BpauiaiouiMHCH BpauiaiouiaHca ot npuBoaa hjihiiiioc iiciJiySoxoc 

oxjia/xaacMbiii Hanyipn ipy6a, aaxjnoHcmiaH b xo>xyx. OTxpbiToe xopbiTO, 

MeTajuiHnecxHH 6apa6aH, PacTBop nocTynaeT c BepxHero onnpaiomeeca 6aiuia/xa\iH 
XOTOpblH HiaCTHHIIO XOHH,a ipy6bl, a XpHCTajIJIbl Ha pOJIHXH. KopbITO 

norpy>xeH b xopbiTO c BbirpyacaiOTca H3 ee HH>XHero ycTaHOBJieHO c HaxjiOHOM 
xpHCTajuiH3yeMbiM xoHH,a. Bo3#yx, noflaBaeMbiii B^ojib npoflOJibHOH och, 

pacTBopoM. KopbiTO BcmHJiaiopoM, jiBH/XcrcH naa cnoco6HO mchjiciiiio 

ooorpcBacica bo pacTBopoM npoTHBOTOXOM x KanaibCH. Mchjiciiiio 

H36e>xaHHe HanpaBJieHHio hbh/XCiimh npoTexaa no xopbiTy, 

upc/xacBpeMcmiOH pacTBopa. Ilpn BpameHHH i py6bi pacTBop oxjia/xaac i ca, 

xpHCTajuiH3aii,HH. H/ici pacTBop CMannBaeT CTeHxn, m o xpHCTajuibi pacTyr 

nocioamiaH CMeHa yBejiHHHBaeT noBepxHOCTb mchjiciiiio, nojiynaiOTca 

xjiaaarcma, HCiiapciiMa. KpHCTajuibi xpynHbiMH, pa3pymeHHe 

iioxuiep/xaiiHa 11 y>xnon xpynHbie, npoH3B07Hicjibiiocib xpHCTajuiOB iiohtm 

TeMnepaTypbi. Majiaa. IToMemaeTca b ycTpaHeHO. 

OopaaoBaBLHHHCH cjioh oSorpcBacMbiii xo>xyx, hto6bi He 
xpHCTajuiOB CHHMaeTca npoMCxoaiuio o6pa30BaHne 
ho>xom. IIpoflyxT xpHCTajuiOB Ha CTeHxax 

MCJiKOKpHC'iajuiHHCCKHH, 6apa6aHa. 
coflepacaT MHoro npHMeceii 
H3-3a BbICOXOH 

npOH3BOflHTeJIbHOCTH. 






83 Bonpoc. KpiicTajiJiioaTopbi c ncee/iooacHaceHHbiM cJioeM KpHCTajiJioe. 

KpHC'iajIJIH3aUHH B lICCBaOO/KII/KClUIOM CJIOe, nOMHMO 
yBejiHneHHa ckopocth npoaecca, ciiocoocTBycr nojiyHCiimo 
OflHOpOflHBIX KpHCTajIJIOB IipaBHJIbHOH (J)OpMbI. 

KpHC'iajuiHBauHH b nccBaoo/KH/Kcn iiom cjioe npoBOflHTca hhh c 
oxjia/KaciiHCM pacTBopa ao ero nepecbimeHHa hjih c yaajieiiHCM 
nacTH paciBopHicjia HcnapciiHCM. Ilocjie ancpiHMiioro 
napooopaaoBaiiHH nepecbimeHHbiii pacTBop onycicaeTca b 
HH>KHK)K) Hacib KpHCTajIJIH3aTOpa. 3aCCb lipOHCXOaai 
o6pa30BaHHe h pocT KpHCTajuiOB. Bojiee KpynHbie KpHCTajnibi 
occaaior Ha ano h oiBoancH, mcjikhc yaamnoTca wcpca 
cSopHHK. MaTOHHbiii pacTBop yaajiaeTca bo H36e>KaHHe 
naKoiuiciiHn 3arpH3iiciiHH. PacTBopbi c ncoojibiuoH CTeneHbio 
lICpCCbimClIHM, npOMBBOJIHTCJIbllOCTb HCBeJIHKa. nOJiyHCHHC 
KpynHbIX KpHCTajIJIOB C OTpHH,aTeJIbHOH paCTBOpHMOCTbK). 

84 Bonpoc. KjiaccH(])HKauHH MaccooSMeHHbix npopeccoB. 

ripoiieccbi MacconepeflanH - npou,eccbi, xapaKTepn3yeMbie nepexoaoM oaHoro hjih HecxojibKHx 
BemecTB H3 o#hoh (})a3bi b apyryio. 

Bn^bi npou,eccoB MacconepeaaHH: 

• A6cop6uHH - norjiomeHHe ra3a /KnaKOCibio (nepcxoa H3 ra30B0H (})opMbi b acHaxyio), 
oSpaTHbiii npou,ecc - flecop6u,Ha. 

• 3KCTpaKH,HB (/KHJIKOCIb-/KHJJKOCIb) - H3BJICHCIIHC BemeCTBa, paCTBOpeHHOrO B >KHflKOCTH, 
apyioii /KHjiK'ocibio c orpaiiMicmioii CMeiHHBaeMOCTbio c nepBoii (H3BaeicaeMbiH 
KOMHOHeHT HCpCXOaHT H3 OflHOH /KHJJK'OH C|ia3bl B Jipyi yiO). 

• IleperoHKa - pa3acjicnnc roMoreHHbix /Khjjkhx cmccch nyreM BianMiioio oSmciib 
KOMnoHeHTaMH MOKjjy /KHjjKOCTbio h napoM, nojiyHcmibiM HcnapeHneM pa3aeaaeMOH 
>KHflKOH CMeCH. 

• AacopSuna - IIorjiomeHHe KOMnoHeHTa ra3a, napa hjih pacTBopa TBcpabiM nopnci biM 
norjiOTHTejieM (ncpexoa H3 i aao bo n/ac na koh c|ia3bi b TBcpayio). flecop6u,Ha - oSpaiiibiii 
npou,ecc. HoHHbiii o6mch - npou,ecc pa3aeaefflia, ocHOBamibiH Ha chocoShocth 
HeKOTOpbIX I BCpjIbIX BemecTB OOMCIIMBai b CBOH IIOJIBH/Kllbic HOHbl Ha HOHbl paCTBOpOB 
OJieKTpOJIHTOB. 

• Cyiuxa - yaajicunc BJiarn H3 TBcpabix MarcpnajiOB, raaBHbiM o6pa30M nyreM ee 
HcnapeHHB (h3 TBcpaoii (pa3bi b /KnaKyio/ra30o6pa3iiyio). 

• KpHCiajIJIHBaUHH - BbiaCJIClIHC TBCpaOH (|)a3bl B BHJIC KpHCiajUIOB H3 paCTBOpOB HJIH 
pacnjiaBOB. KpncrajuiHiaHna iipoMCxoam iipn nepecbimeHHH hjih oxjiaacaeHHH pacTBopa 
(h3 >khakoh b TBepayio 4>a3y). 

• PacTBopeHne h 3KcrpaKHna (b CHCTeMe tb. tcjio - acHaxocTb) - npou,ecc oSpaiiibiii 

KpHCTajiJiH3au,HH, TaK>Ke naibiBaciCM BbiiHCJiaiMBaiiHCM. 

85 Bonpoc. OcHOBHoe ypaBHeHHe MacconepeaaHH. 3aBHCHMOCTb Mea^ay K03<])<])HUHeHTaMH 
Macconepeaann h MaccooTaann. 

CxopocTb MaccooiaaHH nponopu,HOHajibHa aBnacymen cnjie, paBHoii pa3HOCTH KOHH,eHTpaii,HH b 
nape h Ha rpaHHH,e c|ia3bi hjih Hao6opoT aJi« oopai noi o nanpaBJiciiHM nepeHOca. Ko3(j)(})Hii,eHTbi 
M — PpF (y — !/rp) MaccooTaann b aamibix ypaBHeHHax Ha3biBaiOT K03(|)(|)HUHcmaMH 
_ _ MaccooTaann. Ohh noKa3biBaiOT, icaicaa Macca BemeCTBa iiepexoam ot 

M = Pj-F (* r p — x) noBepxHOCTH pa3aeaa (pa3 b aapo cpa3bi hjih oapaTHO j j 
L icpc3 can ii ii uy noBepxHOCTH b eauHHiiy BpeMeHH npn aBHacymefica cnjiy, K g _ p~ 

paBHoii cann h lie. CooTBeTCTBeHHO OcHOBHoe ypaBHeHHe MacconepeaaHH ( ; ^ 

Bbiuiaani cjicayiOLHHM o6pa30M, rae x* h y* - paBHOBecHbie KOHH,eHTpaii,HH, — -pj- + -p— ^ 





a x h y - paooHHC Koimcm pannH b annapaTe. Ko3(})(j)imeHT MacconepcnanH noKaibiBacr Kaxaa 
Macca BemecTBa nepexo^HT H3 cj)a3bi b (j)a3y 3a ennuHny BpeMeHH wcpca cnwiHny noBepxHOCTH 
KOHTaKTa (|ja3 iip m nBM/KymcH cnne Macconepcnam-i paBHon c^hiihijc. Ecjih npmm b mo 
3aBHCHMOCTb MC/K^y KOIIUCm paUHHMH (})a3 JIHHeHHa, TO MO>KHO HOJiyHHTb 3aBHCHMOCTb MC/K^y 
K03(J)(J)Hii,HeHTaMH TCiuiooTnaHH h rciuioncpenaHH, me m - TaHreHC yraa HaKJiOHa jihhhh 
paBHOBecHa MC/K^y (|)a3a\iH. 


86 Bonpoc. MeTO/jbi onpeaeJieHHH HiicJia TapeJioK, bwcotw h /inaMeTpa TapeJioHHbix h 
H aca/joHHbix annapaTOB. 

AliajIHTHHCCKMH H i pa(|)HMCCKHH (BIIHCblBaiOT CTyneHbKH MC/K^y pOOCH JIHIIHCH H KHIICTHHCCKOH 
KpHBOH) 


H 


Haca^KH 


F 

8S 


f = G(y H -y K ) 
K y (y-y*) c P 

c(y„-y K ) 

- r^e 


— n/ioipa^b KOHTaKTa Haca^KH 

G 


8SK,, 


3 HaneHHe BbicoTbi e^HHHHHoro nepeHOca, 


8SK y (y — y*) cp 

(y H — y K ) 

— H3MeHeHHe b ra30B0H (J)a3e pa6oHHx KOHpeHTpau.HH, 8 — 


(y-y*) c P 

—y^e/ibHaa noBepxHOCTb Haca^KH ,G — KO/mnecTBO hhctoh ra30B0H (J)a3bi. 

H — h(n T — 1 ) ,h — paccTOHHHe Me>K/i,y TapenKaMH, n T — Teop.HHcno TapenoK. 
PacHCi TCopcTHHCCKoro HHCJia TapenoK npoH3BOflHTca no K03(|K|mnMcmy H3BJieneHna TapcjiOK n 


n = 

paBeH T 1 — <P 


H3 ypaBiiciiHa pacxona naxonHM nna\iCTp annapaTa 




87 Bonpoc. IIpocTafl neperoHKa. IleperoHKa c ot6opom (|)paKHim AHCTHJiJiHTa h c 
AeiJnerMapnen. 



IleperoHKy npoBOA»T nyreM nocTeneHHoro ncnapeHHa 
>khakocth, iiaxo^HLiiCHCH b neperoHHOM Ky6e. 
OopaiyiOLiiHCCH napti otboabtch h KoiiAcncupyioioi. 
IIpocTaa neperoHKa, npoH3BOAHMaa nepHOflHnecKH h 
II03B0J[HI0LliaH npOH3BOflHTb OT6op (f)paKII,HH flHCTHJIJIBTa, 
HMdOmHX pa3JIHHHbIH COCTaB, liaiBIBaCTCH (|)paKUHOmiOH 
neperoHKofi. TaKyio neperoHKy npoBOAn i ip m 
aiMOC(|)cpnoM AaBJiciiHH hah no# BaKyyMOM. 


neperoHKy ocyLucciBJiaior, 


noBbinieHHB 
pa3AeJieHHa 
AOnOJIHHTeJIbHO 


CTeneHH 

CMeCH 

o6orama» 


AHCTHJiJiaT nyreM AC(|)JicrMauHH. Ilapbi H3 neperoHHoro Ky6a 
nocTynaioT b AC(|)JicrMarop, iac ohh nacTHHiio 
KOHACHcnpyiOTCB. H3 napa KoiiAcncupycioi BK /Khakoctb h 
( j)jici Ma cjiHBaci ca b Ky6. Ilapbi, oooiaiHcmiBin HK /Khakoctbio, 
nanpaBJiaioiCH b KonAcncaiop-xojiOAHJiBiiHK, iac nojiHOCTbio 
KOHACHcnpyiOTCu. Ok'oimanHC onepan,nn KOHTpojuinpyiOT no 
TeMnepaType khiiciihh >khakocth b Ky6e. 



88 Bonpoc. IleperoHKa c BOAflHbiM napoM. OnpeAeJiemie pacxo/ia napa Ha neperoHKy. 
CxeMa ycTaHOBKH. 

Ecjih KOMnoHeHTbi hcxoaho CMecn HepacTBopnMbi b boac, to ee 
ncnojib3yiOT b xanecTBe aoiiojiiihicjibiioio KOMnoHenra, KOTopbin b bo a at 
b xy6 b bhac ocTporo napa. Ilpn neperoHKe BbicoKOKnnamnx vkhakoctch, 
, — HepacTBopnMbix b boac, c boahhbim napoM TeMnepaTypa khiiciihh CMecn 

1 s oyACi HH>Ke TeMnepaTypbi khiiciihh boabi npn AaHHOM AaBJicinni. 

06bihho takhm MeTOAOM onHinaioi ot npHMecen hjih paBACJuuoi CMecn 
BemecTB, khiihlhhx npn TeMnepaTypax, npeBbimaiomHx 100 rpaA. 
Ucjibchh. Ilap nrpaeT ABOHHyio pojib - tciuioiiochtcjih n areHTa, 
CHH>Kaiomero TeMnepaTypy khiiciihh. IIooTOMy nap HaAO bboahtl, b 

GJPjM, 




Oc/namo/i 


KOJinnecTBe, SonbineM ero TeopemnecKoro pacxoAa. 
Ha cynncy. 


G s = 


A B B 
P A M A<t 


TeopemnecKHn pacxoA napa 


89 Bonpoc. MaTepnajibHbin SajiaHC peKTu^iiKapnoHiion kojiohhw HenpepbiBHoro 
AencTBHH. YpaBHeHne paSonen jihhhh a-uh yKpenjimomen Haem peKni(|)iiKaniiomioii 

KOJIOHHbl. 

YpaBHeHne Mai cpHajibiioi o Sajianca kojiohhbi oyACi : F<t> — G -\-W , r ^ e p _ kojihhccibo 
HCXOAHOH CMeCH, G - KOJIHHCC I BO yABJIHCMBIX napOB, P - KOJIHHCCI BO IIOJiy L iaCMOIO AHCI HJIJHIi a, 

O - KOAHnecTBO (JiAerMbi B 03 BpamaeM 0 H oSpaTHO. Tax xax G = P + W, to F = P -f- W ? 

d> 

cpjierMOBoe hhcjio ecTb oi iiolhciihc/? = —. YpaBHeHHe paooHcii jihhhh ajih yKpciuunoiHCH naci H 


R 


■x 4 


KOAOHHbi: R + 1 1 R + 1 , 3to ypaBHeHHe CBH3biBaci HepaBHOBecHbie cocTaBbi napa, 

_ R+f , 1 — f 

nocTynaiomero Ha rapcjiKy CHH3y, n >khakocth, CTeKaiomen c rapcjiKH. K > 1 K < 1 

^ p 

YpaBHeHne HCHcpiibiBaioiHcii naciH kojiohhbi, i ac f — -kojihhccibo iiH ia11 hh Ha 1 mojib 


AHCTHJHIBTa. 







90 Bonpoc. CxeMa peKTH<])HKauHOHHOH ycTaHOBKii HenpepbiBHoro aettcTBHfl. 
IIpHHpHnHajibHbie ochobm ee paOoTbi. 

P eKTH(J)HKaii,HOHHaa KOJiOHHaa HMeeT 

KOpnyC, BHyTpH KOToporo 
ycTaHOBJieHbi KonraKTHbie ycrpoiiCTBa b bhjjc 
T apenoK hjih Haca/iKH. CHH3y-BBepx no KOJiOHHe 
ABH>KyTCJi napti, noc'iynaioiHHC b hh>khk)K) Hacib 
annapaTa H3 KHiurnuibHHKa, co3nacica 
Bocxoflaninn noTOK napa. IlapLi npoxo/piT nepe3 
CJIOH >KHflKOCTH HaTapeJIKe. Ilpn 3TOM nponcxo^HT 
ncpcxon HK >KHflKOCTH b nap, a BK /Khjjkocth h 3 
napa b acH^KOCTb. TaKHM o6pa30M, npn 
npoxo/KnciiHH 6ojibuioro MHCJia TapenoK, nap, KOToptin Ha bbixojjc H3 KHrormjibHHKa 6 wji iiohih 
hhctbim BK, iioKHnacT KOJiOHHy iioh i h HHCTbiM HK. napti Koiincncupyiorca Ha nc(|)Jici Maropc, 
paancjiacrca b hcjihtcjic Ha hhcthjijibt h c|uici My, (})jierMa B03BpamaeTca Ha Bepxmoio TapejiKy. 
Tax co3flaeTca iihcxohhihhh iiotok /Khjjkocth. ^BHraacb bhh3, /Khhkoctb Bee oojibine 
oooiainacroi BK h craiiOBHica iiohih hhctbim BK Ha nepBOH rapcjiKe h nocTynaeT b 
KH iHrmjibHHK. Ha ncKOiopoM paccTOBHHH ot Bepxa KOJiOHHbi iiaxoHH iCH nHaiomaa Tapejixa, Ha 
KOTopyio nocTynaeT Hcxojniaa CMecb. nmaioinaH rapcjixa xicjiht KOJioimy Ha jjbc naciH, 
yKpCIIJHHOIHyiO H HCHCpiIblBaiOHiyiO. 



91 Bonpoc. IIocTpoeHHe jihhhh paOoHHX 11 paBHOBecHbix KoiiiuMiTpaiuiii npn 
peKTH{|)MKai(MM h onpeaeJieHHe HHCJia TeopeTHHecKHX TapeJioK. 

noCTpoeHHe JIHHHH paBHOBCCHOH KOHH,eHTpaH,HH lipOHCXOHMT OnbITHbIM liyTCM C nOMOmbK) 
rpa(|)HKa 3aBHCHMOCTH TeMnepaTyp khiiciihm h KOiincucauHH ot cocTaBa (Jiaa npn iiocroamiOM 
^aBJieHHH. B3anMHoe nojio>KeHHe xpHBbix Ha <f>a30Bbix nnaipaMMax oupcncjiacroi nepBbiM 
3axoHOM KoHOBajiOBa (nap o6oramaeTca TeM komiioiichtom, Koxopbiii noHH>xaeT TeMnepaTypy 
KHneHHa CMecH npn nooaBJiciiHH) h nepBbiM 3axoHOM BpeBCKoro (npn noBbimeHHH t CMecn. B 
napax B03pacTaeT concp/KaiiHC BK KOMnoHenra), KOTopbie bbjhhotcb o6o6meHHeM aaKona Jle- 
IUaTejibe. IlocrpociiHC paSonnx jihhhh hjjct no (jiopMyjiaM jtjih HCHcpiibiBaiouicii h 

R 


y 


■* + 


_ R+f , 1 — f 

y ~ R + \ x + R + i x w 


yKpCIIJHHOIHCH HaCICH KOJiOHHbi. R + 1 ^ + 1 - yxp. H ^ -r * ^ T 1 " - hch. 

noCTpOHB JIHHHH aBHOBCCHOH H paOOHCH KOHH,eHTpaU,HH, MO>KHO liaillH HCHCTBHTCJIbllOC 
(|jjici moboc hhcjio, ot KOToporo 6yucT 3aBHceTb BbicoTa annapaTa h pacxon rpeiomero napa. 



a 



92 Bonpoc. TenjioBoii OajiaHC peKTinjiHKapiioHHbix kojiohh HenpepbiBHoro aettcTBHH. 

YpaBHeHne TenjiOBoro SajiaHca: ^ Klln + + Q* = Qo + , noflCTaBJiaa bmccto Q hx 

3HaneHHa, h, ynHTbiBaa, hto ^ ^ ^ ^ P (R 1) H cp=PR, h pemaa 

OTHOCHTejibHO pacxo/ia Tenjia b KHiiaiHJibiiHK'c, nojiynHM 











Qxhh = P (/ - 1» + />*(/- * 0 ) + IF (<r - W + Qn , TennoeMKOCTH h tciijiotbi 
H cnapciiHM fljia 6HHapHbix cmcccm bbihmcjixiot on npaBHJiy annHi HBiioci H, hcxoa» H3 cbohctb 

HHCTBIX KOMnOHeHTOB. 

93 Bonpoc. 3KCTpaKTHBHaa 11 aseoTpoimafl pek'ni(|)iiK'annH. 



B cxeMe ycTaHOBKn ajih OKCTpaKTHBHon Ilpn a3eoTponHon pcKiH(|iMKauHH oSmhiio 
peKTH(J)HKaiI,HH HCXOflHyiO CMeCb, COC'I OHLliyiO HCnOJIb3yiOT pa3nCJ[HIOLHHH KOMnOHeHT C, 
H3 KOMnOHeHTOB A + B nonaior Ha KOTopbin o6pa3yeT c oahhm hjih o6ohmh h 3 
nmaiomyio TapejiKy nepBOH kojiohhm. komiioiicih ob mcxoahoh cmcch a3eoTponHyio 
Pa3AeJiaK)H(HH areHT C, c m e lh m b a 10 lh h ii c h c CMecb, oSjiajiaiomyio MHHHMajibHO hjih 
o6ohmh KOMnoHenraMH, bboaht nyi b Bbiuie.C MaKCHManbHoii TeMnepaTypoii khiiciihh. B 
hbjihc'ich MeHee jicxyHiiM h iioBbiuiaci IIpHMepe oopaaycica CMecb A + C c 
jiC'iyHCCi b KOMnOHeHTOB A h B, MO>KeT na>Ke MHHHManbHoii TeMnepaTypoii khhciihh. 
pa3pyiHHTb a3eoTpon. ^onycTHM, mo B CTaji Mcxoaiibih a3eoTpon nonaeiCH Ha nmaiomyio 
6ojiee jieTynHM, ToiTia komhohcht A TapejiKy, areHT nyrt Bbirne. IIpohcxo#ht 
H 3BJieKaeTca C H3 napoBoii (f>a3bi h 3Ta CMecb o6pa30BaHHe hoboto a3eoTpona, BK 
nepexoAHT Ha ejiCAyiomyio KOJiOHHy, iac komhohcht yflajiaeTca c HH>KHeii naciH, 
npoHCxoAHi pci cnepauHH pa3ACjnnoiHcro pcKi H(|)MKai iipcACiaBJHic'i co6oii CMecb A h 
areHTa. PernufiHKaTOM nepBOH kojiohhbi C. B npnMepe a3eoTpon A + C coctoht h 
S ynei komhohcht B, BTopoft - A. komiioiicim ob c pe3KO oniHiaioiHeiicH 

pacTBopHMOCTbio npH pa3Hbix TeMnepaTypax, 
nooTOMy npn oxjia/KACiiHH KoiiACiicara 
nponcxoAHT ero paccjioeHHe. 

94 Bonpoc. MoJieKyjiapHafl ahcthjijihphh. 

ripou,ecc MOJieKyjiapHOH amcthjijihhhm iipoi eKaci nyreM ncnapeHHa vkhakocth c ee noBepxHOCTH 
npn OTCyTCTBHH KMIICIIMX. IIOOTOMy, B OI JIHHHC OT peKTH(J)HKaU,HH, MOJICKyjIHpiiaH AHC'I HJIJIMHHM 
He xapaKTepH3yeTC» HeKOTopbiMH hoctokhhmmh TeMnepaTypoii h AaBJieiiHCM. MojieKyjibi napa 
ynajiHioiCH c noBepxHOCTH npn hx o6pa30BaHHH h pabiiobccmc MOKny napoM h /Kmakoctbio He 
yciaiiaBJiHBaciOf. ripou,ecc CKjiaAMBaeTca H3 AH(|j(|)y3HH MOJiexyji HK H3 niySmibi cjiok 
/Khakocth k noBepxHOCTH, nepcMCuienHH MOJieKyji napa Ha noBepxHOCTb KoiiAcncauMM h hx 
KOHAeHcau,Ha. Ha nepBOM oi aiic b ycTaHOBKe nponcxoAHT oiKaiKa pacTBopeHHbix b >khakocth 
ra30B c noMombio Aera3aTopa h (JiopBaKyyM-Hacoca. nocjie 3Toro CMecb nona^aeT b 
AHCTHJiJiau,HOHHbiH annapaT, H3 KOToporo ra3bi y>Ke OTKanaHbi. /Jhcthjijiht h ocanoK 
OTnpaBJiaiOTca b pa3Hbie c6opnnKn. IlpHMCiHic'ioi AJia tcpmhhcckm ncciaGnjibiibix o6mhhmx h 




BblCOKOMOJICKyJiapiIblX BemeCTBI lICKO'IOpblX nJiaCTMaCC, BHTaMHHOB, MaceJI, CMa30K, >KHpHbIX 
KHCJIOT, 3(J)HpOB. 


95 Bonpoc. KoHCTpyKUHH h iipiiiimiin.i aeftcTBiia a6cop6epoB 

A6cop6epbi nejurrca Ha: 


Hu Ha 



ttudxocmb 


IloBepxHOCTHbie a6cop6epbi Hcnojib3yiOT hji» 
nouiOLHCiiHa xopomo pacTBopHMbix ra30B. B yKa3aHHbix 
annapaTax ra3 upoxoiu-n nan noBepxHOCTb. 
HcIIOHBH/KIIOH HJIH MCHJICIIIIO HBH/KymCHCH /KHHKOC'IH. 

06mhho ycTaHaBJiHBaiOT HecKOJibKO noaicaoBaicjibiio 
pacnojio>KeHHbix a6cop6epoB iaKoio Tuna. BbiBaiOT 
oSbiHHbie h njiacTHHnaTbie. 




r 


MudKoentb 


Mti&kO&nb 



IljieHOHHbie a6cop6epbi 6onee scfxjjeKTHBHbi h 
KOMnaKTHbl, HeM nOBepXHOCTHbie. IlOBepXHOCTbK) 
paaacjia (})a3 b hhx hbjihctch noBepxHOCTb icKymcH 
njieHKH /Khhkoci h. Pa3JiHHaioT: ipySMai bic, c jihctoboh 
liaKJiaHKOH H C BOCXOJiaHIHM HBM/KCIIHCM njieHKH. 
HccMOipa Ha npeHMymecTBa sthx annapaTOB hx 
I HapaBJIHMCCKOC COnpOTHBJieHHe OTHOCHTeJIbHO BeJIHKO 


HacaaoMiibic. IlojiyHHJiH mnpoKoc pacnpocipanciiHC. 
KojiOHHbi, 3anojiHeHHbie Haca^KOH - TBepubiMH TejiaMH 
pa3JiHHHOH (J)opMbi, KOTopbie yiaianbiBaiOTca Ha onopHbie 
pemeTKH. PaBHOMepHoe pacnpenejieHHe no Been BbicoTe 
Haca^KH He aociHiaciCH 3 a chct npHCTeHOHHoro 
3(})(J)eKTa. Ilo3TOMy nacTO Hcnojib3yK)T He oflHy Hacanicy, 
a KOMnjieKC, nocjie Ka>KHOH ci aBH i nepepacnpcjicjimcjiH 
vkhhkocih. Paooiaioi b icibipcx pe>KHMax, njieHOHHOM, 
nOABHCaHHH, 3MyjIblHpOBai[HH H yHOCa, 3aBHCBT OT 
KOJinnecTBa /Khhkocth b nacajiKC h ckopocth ra3a. Bbi6op 
Haca^KH 3aBHCHT ot KOHKpeTHoro Marcpnajia. 
Bap6oTa>KHbie (lapejibMaibic). npcaciaBJiaioi co6oh 
BepTHKajIbHbie KOJIOHHbl, BHyTpH KOTOpbIX Ha 
onpcacjicmioM paccTOBHHH apyi ot apyia paiMcmcnbi 
ropH30HTajibHbie neperopouKH - TapenKH. C no mo hi bio 
TapenoK ocyuicc'i BJiac i CH HanpaBJieHHoe hbhvkciihc (})a3 h 
MHOTOKpaTHOe HX B3aHM0JICHCTBHC. Pa6oTaK)T B Tpex 
pe>KHMax, ny3bipbKOBOM, neHHOM h crpyimoM. 
Pa3JiHnaiOT annapaTbi co cjihbhbimh ycTponcTBaMH, c 
CHTHaTbIMH, KOJinaHKOBbIMH, KJianaHHbIMH, SajIJiaCTHbIMH 
t apejiKaMH, c paanajibiibiM h HHaMCi pajibiibiM nepejiHBOM 
>KHHKOCTH HJIH BOBCe C TapeJIKaMH 6e3 CJIHBHbIX yCTpOHCT. 
PacnbiJiHBaiomHe. B ibkiix a6cop6epax TecHbi KOHTaKT 
MC/Kjiy (})a3aMH HOCi Hi aciCH nyreM pacnbuiHBaHHa hjih 
pa36pbI3THBaHHa pa3JIHHHbIMH CnOCo6aMH /KHHKOC'IH b 
ra30B0M noTOKe. IlpHMeiHHOTca jtjim nouiouieiiHa xopomo 
paCTBOpHMbIX ra30B TaK KaK K03(j)(J)HLI,HeHTbI 
MaCCOOTHaHH BbICOKH H CKOpOCTb npOU,eCCa TO>Ke. 
Pa3JiHnaiOT nojibiii pacnbuiHBaiomHH, pacnbuiHBaiomHH 
a6cop6ep Bem-ypn h MexaHHnecKHe a6cop6epbi. 




96 Bonpoc. KoHCTpyKuiiii ajcopSepoe. 




A^copocpbl C lICIIO^BH/KlIblM CJIOeM 
IIOIJIOTHTCJIB. U,HJIHII^pHMCCKMC a^COpOCpbl 
BepTHKajibHoro h ropH30HTajibHoro ihiiob 
nepHOflHHecKoro fleiiCTBHa. IIpoLiecc 
npoxoflHT b 4 CTa^HH: aacopSuna, accopouna, 
cyniKa h oxjia>KacnHC, ho 6biBaiOT TaK>Ke Tpex 
h flByx (f>a3Haa aflCop6u,Ha. 


Aacopocpbl C aBH/KyLHHMCH CJIOeM 
noraoTHTejia. HcxoflHaa ra30Baa CMecb 
nocTynaeT b KOJiOHHy, iyje B3aHMoacHC i Byci c 
flBHiKyHiHMca CJioeM oxjia/Kacmioio 
aKTHBHoro ynia. 3aTeM yrojib c 
aflCOpSHpOBaBHIHMHCa KOMnOHeHTaMH 

nocTynaeT b peKTH(J)HKaii,HOHHyK) 30Hy, iyje 
noTOKOM ra3a H3 yrna Bbiiccnaioi MeHee 
cop6HpyeMbie KOMnoHeHTbi. 3aTeM yrojib 
OTnpaBJiaeTca b /iccopSunoiinyio 30Hy, 171c 
OCTpbIM napOM, OMHLHaC'ICH H H7CI Ha 
oxjia>Kaci[HC. 



1dcop6em ras 

\ 1 



C KHnanjHM CJioeM iiouioihicjib. 
YBCJiHHcmiaH noBepxHOCTb KOHTaKTa (})a3 h 
HHTeHCHBHOCTb MacconepeHOca Bbirne. B 
oanoKaMcpiibix annapaTax npaMOTOK, b 
MH oroKaMepHbix npoTHBOTOK, Tax xax ra3 
npoxoflHT nepe3 nep^opnpoBaHHbie pemeTKH, 
hmciolhmc ncpcroMiibic rpy6bi fljia ciCKaiiHa 
MaTepnajia, B3aHMO#eHCTBHe 6 jih3ko k 
nacajibiioMy Bbnccucnmo. 


97 eonpoc. HoHooSMeHHbie npopeccbi. PaSoTa HOHOo6MeHHbix annapaTOB. 





B HOHOoSMeHHbix npou,eccax ocymecTBnaeTca H 36 HpaTejibHoe noraomeHHe oahoio hah 
H eCKOJIbKHX KOMnOHeHTOB H 3 paCTBOpOB C nOMOIIIbK) HOHHTOB. 06 mCH HOHOB o 6 bIHHO CBB 3 aH C 
upoiCKaiiHC reTeporeHHOH xhmhhcckoh peaKijHH 
MC/K'ay HOHHTOM H XHMHHCCKHMH COeflHHeHHBMH B 
BOflHOM pacTBope. PacnpocTpaHeHbi ycTaHOBKH 
nepHOflHHecKoro acmctbmh. MonoooMcmibiH annapaT 
coctoht H 3 hhjihiiaphhcckoio Kopnyca, onopHOH 
pemeTKH, rpaHynnpoBaHHoro cjioh HOHHTa, 
pacnpcacjiHicjibiibix ycipoHCiB. IIojiHbiH ljhkji 
paSoTbi annapaTa cKJiaAbiBacrcH H 3 aiCAyioixinx 
CTaann: nonoo 6 MCiia, otmmbkh HOHHTa ot 

MexaHHnecKHx npHMCCCH, pcrcncpauHH HOHHTa, 

OTMbiBKH HOHHTa ot pciciiepupyiomero pacTBopa. B 
KanccTBC pcicncpupyiouiHx pacTBopbi iiphmciihiot 
paCTBOpbl COJICH HJIH KHCJIOT/meJIOHeH. MnoiAa 
annapaTbi CHaSacaiOTca nHeBMaTHHecKHMH 
nepeMeniHBaiomHMH ycTpoiiCTBaMH, KOTopbie TaiCKC 
Mory HCii0Jib30Bai bca, kbk h 3pjiH(|)Tbi. 



98 Bonpoc. 3 KCTpaKuna b CHCTeMe acn/iKOCTb-acH/iKOCTb. TpeyroJibHaa anarpaMMa h ee 
CBOHCTBa. EiiHO/iajibHau KpiiBau. 

IIpOU,eCCbI 3KCTpaKH,HH B CHCTeMBX >KHflKOCTb->KHflKOCTb 
naxonar HIHpOKOe lipMMCIICIIHC B npOMblHIJieHHOCTH. 
Taxaa TKCipaKHnx npcACiaBJiHCT co6oh MaccooSvicmibiH 
npou,ecc, npoTexaiomHH c ynaciHCM AByx orpaiiHicmio 
paCTBOpHMbIX /KHAKOCTCH, MC/KJiy KOTOpbIMH 
pacnpcacjiMCiCH OKCTparapyeMbie BemecTBa. Hcxoahmh 
pacTBop h 3KCTpareHT iipuBOjiai b icciibih kohtbkt, 
3KCTpaKT - paCTBOp HIBJICMCIIlIblX BemecTB, pa(J)HHaT - 
OCTaTOHHblH HCXOflHblH paCTBOp. ^ajIbllCHLHCC pa3HCJICIIHC 
npOH3BOflBT 
peKTH(j)HKaiI,HeH HJIH 
pe3KCTpaKH,HeH. ^OCTOHHCTBOM MCTOAa 3KCTpaKH,HH 
hbjihctch HH3Kaa paSonaa TeMnepaTypa npou,ecca. Tax xax 
npou,eccbi SKCTparnpoBaHHa npoBOAaTca hjih Tpex 
BemecTB, no npaBHJiy (Jja3 hhcjio CTeneHeii cboSohbi = 

KOJinnecTBy nepeMeHHbix = 3, nosTOMy yno6no 
Hcnojib30BaTb TpeyrojibHyio nnarpaMMy r nooca. 

BHiiOHajibiiaa xpHBaa ecTb KpHBaa cocHMiiHiomaH kohh,bi 
HOA paBIIOBCCHH, npH KOTOpbIX ABC /KHHK'OCIH o 6 pa 3 yiOT 
hbc conpjoiceHHbie HacwmeHHbie >khakocth. 3a 
6 HHOAaJIbHOH KpHBOH - OOJiaCTb OAHO(|ja 3 IIOM CHCTeMbI H 
3 KCTpaKH,Ha TaM HeB 03 M 0 >KHa. TeMnepaTypa yBCJiiiMiiBaei 
KpHTHHeCKyiO TOHKy SmiOAaJIbllOH KpHBOH. ^aBJIClIHC He BJIHHCT T.K. ACHAKOCTH HeC>KHMaeMbI. 
H 3 ipcyi ojlblioil AHarpaMMbI MO>KHO HaXOAHTb H 30 TepMbI 3 KCTpaKH,HH, KpHBbie CCJICKTHBIIOCTH, 
cocTaB CMecH H 3 AByx-Tpex KOMnOHeHTOB no npaBHJiy pbinara. 

99 Bonpoc. PacneT MHorocTyneHHaTbix 3 KCTpaKTopoB c no/ianei! OKCTpareHTa b Kaayiyio 
CTyneHb. 

3KCTpaKH,Ha TaKHM CIIOCOOOM lipOBOAHICH B HCCKOJIbKHX CiyilCIIHX, Hepe3 KOTOpbie 
HOCJICAOBai CJIbllO ABH/KCI CH HCXOAHblH paCTBOp, npHHeM BO BCeX CTCIICIIHX, liaHHIiaa CO BTOpOH, 


B 
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HCxoflHbiM pacTBopoM hbjihctch pa(J)HHaT, Bee 6ojiee oocxuicmibiH 3KCTparHpyeMbiM 
KOMnoHeHTOM, noaTOMy KonucmpauHH sKCTparroB cHHacaiOTca ot nepBOH #0 noaicxniCM 
CTyneHH. Mcxoxuioc kojihmccibo SKCxparcma xicjihtch Ha naciH, 11 p h h c m kojihmccibo 
noflBOflHMoro SKcrparcm a k KaxcuoH CTyneHH pa3HHTca. B pe3yjibTaTe xuia nojryneHHa pa(J)HHaTa 
BbICOKOH MHCTOTbl TpcSyiOTCH OOJIbLHHC OO'bCMIIblC paCXOflbl MHCTOIO 3KCTpareHTa, B CB33H C MCM 
flaHHbiii mctoxi naxoxiHT oipaiiHMcmioe npHMeHeHHe b npoMbmuieHHOCTH. PacMcr npoH3BOxiHTca 
xuia Ka/K,uoH cTaflHH anajioi HMiio pacMcry oxniocTyncnHaroro 3KX i paKi opa h pacxoxi SKC'iparcm a 


Ha KaVKXJOH CTaXJHH JIC/KHT B lipOMC/KyTKC MC/KXiy MaKCHMajIbHO B03M0)KHbIM H MHHHMajIbHO 

o c c _ c FM 9 
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B03M0>KHbIM. 
Ha pa<J)HHaT. 


, TOJibKO Ka/KxibiH pa3 HexoflHaa CMecb aaMcnac ioi 


100 Bonpoc. PacneT npOTHBOTOHHOH 3KCTpaKUHOHHOH yCTaHOBKH C HCII0Jlb30BaHHeM 
TpeyroJibHoii anarpaMMbi. 

F 


MaicpnajibiibiH Sajianc Bcero 
annapaTa: M = = 

060 C 3 HaHHB F — E l — P, nOJiyHHM, 
HTO Rn — S=*P, a XIJIB Ka>KXIOH 

cyrneHH Rn-\ F n — R n S~P 
Orcioxia Bbi i cKaci , hto ecjin pa3HOCTb 
KOJiHnecTB jiioSbix xiByx cMecen ecTb 
BejiHHHHa nocToaHHa, paBHa P, to Ha 
C TepyrojibHOH xinarpaMMC npaMbie, 
COCXIHIiaiOLHHC TOHKH, KOTOpbie 
Bbipa>KaK)T cocTaBbi 3thx CMecen, nepeceKyrca b oxihoh Tonice P, Ha3biBaeMOH noinocoM. 3to 
CBOHCTBO TpeyrOJIbHOH XIHarpaMMbI HCnOJIb3yiOT XUIH OnpCXJCJIClIHHMHCJia TCOpCTHMCCKHX 
ci ynciiCH. Hhcjio xopxi, hjih i ioxx paBHOBecna, 3aKJHOHeHHbix MC/Kxiy KpaniiHMH jiynaMH PEi h PS 

.s _ fm 

onpexjcJuiCT hhcjio neooxoxiHMbix tcopcthmcckhx ciynciiCH. MS - yxiejibiibiH pacxoxi 

3KCTpareHTa. 




101 Bonpoc. KoHCTpyKUHH H lipilllllllllbl aeHCTBHH 3KCTpaKTOpOB (CHCTeMa aCH/IKOCTb- 
JKH/IKOCTb) 

B 3aBHCHMOCTH ot bhxit KOHTaKTa MC/Kxiy >khxjkhmh (junaMH 3KCTpaKTopbi, xax h xipyinc 
MaccooSMcmibic npou,eccbi 6biBaiOT: ciyncimaibic (cKaHKOo6pa3Hbie) h xJH(|K|)cpenuMajibno- 
KOHTaKTHbie (njiaBHo). Taioice oSbimiio oxnia H 3 >khxjkhx c|ia 3 xjHcneprHpyeTca b xipyi oix xuia 
yBejiHneHHa KOHTaKTa c|ia 3 . CrynciiMaibic 3KCTpaKTopbi: 

3tOT THn 3KCTpaKTOpOB OTHOCHTCa K HHCJiy 
CTapeHHiHx. Coctost H3 nocjicxiOBaicjibiio 
pacnojio>KeHHbix cmcchtcjich, rxxc 
npOHCXOflHT BbipaBHHBaHHe KOHH,eHTpaU,HH, H 
OTCTOHHHKa, I'XIC IipOHCXOXJHT pa3XICJICIIHC 
CMecH Ha pa<J)HHaT h 3KXipaKi. /^bh/KXiihc 
npaMOTOKOM, 6ojibniHe luiomaxiH, ho HH3icaa 
BbicoTa, MexiJieHHaa pa6oTa. 






^H(J)(f)epeHII,HajIbHO-KOHTaKTHbie 3KCTpaKT0pbI 


T/txcarcff A_ JiegKd* 

'tcuOKOcmfs PC | *cud*oc/nb 



Tf Ufcenan 

JtCudriOCWb 


t /leznan 
MuCnOCfn* 

T I 



PacnbuiHTejibHOH kojiohhbih sKcxpaKxop 
iipc^ci aBJiac'i co6oh nojiyio KOJiOHHy, Biiyi pn 
KOTOpOH HMCIOXCH JIHIHb yCXpOHCXBa flJIB 
BBOfla jierKoii h xjdkcjioh (})a3. cpa3bi 
JIBH/KyiCfl npOTHBOTOKOM, liajIHMHC 

i H^paBJiHMCCKoro 3aTBopa HeoSxoflHMO fljia 
nojiHOu,eHHoro lanojinciniH kojiohhbi. 
O'lJIHHaiOTCfl BbICOKOH 

npOH3BOflHTeJIbHOCTbK), HO HH3KOH 

HHTeHCHBHOCTbK) MaCCOHCpCJiaHH. 

Hcnojib3yiorcM orpainmcmio. 


y 


IlojioHHbie h iiacanoMiibic 3KcxpaKxopbi 
npcHCiaBJiaior co6oh kojiohhbi c TapejiKaMH 
hjih Haca^KaMH paijnimibix KOHCxpyKijHH. 
KanjiH, K'oajiccuHpya, 061x0101 neperopoflKH 
B BHfle XOHKOH nJieHKH, OMbIBaeMOH 
cnjioniHOH (f)a30H. HHxeHCHBHoexb 

MacconepcnaHH b nojiOMiibix KOJiOHHax Bbirne 
hciyi b pacnbuiHTejibHbix 3a chci hx 
C eKH,HOHHpOBaHHB HOCpCJICTBOM 

neperopoAOK. 


Aez*af> 

ycuotfocmt 


$ 




rmtcemn 


ycudficcmb 



B 3TOM pOTOpHO-flHCKOBOM 3KCTpaKTOpe 
BHyTpn Kopnyca 3aKpenjieHbi KOJibu,eBbie 
neperopoflKH. Ilo och kojiohhbi npoxojiH'i 
BepTHKajIbHO pOTOp C nJIOCKHMH flHCKaMH. 
Hepe/iyiomHeca KOJibii,a h jihckh MemaiOT 
npojioJibnoMy nepeMeniHBaHHio. JlerKas (})a3a 
nocTOKHHO pcjiccncpriipycrca 3a chci 

BpameHHH JIHCKOB, CMeiHHBaaCb C Tfl’/hXJIOH. 
Ilocjie ncpcMCLHHBaiiHH c|ia3bi paajicjiMioiCM 3a 
CHCI pa3HOCTH nJIOTHOCTCH npH oS'ICKailHH 
hmh KOJibii,eBbix ncpcropojiOK. 




Tfotte/m 

mudnocmb 



Tam ema 

/KudKOClfio 


mudnocmb 


BbC/JCIIHC ^OlIOJIlIHICJIbllOH 3HeprHH B 
>KHflKOCTH nyreM COoSlHClIMB HM B03BpaTH0- 
nocTynaTejibHbix KOJicSaiiHH. IIyjibcaii,HH 
ciiocoSc'iByioi jiyMLLiCMy apoSjicnmo 
flHcneprapyeMOH <f>a3bi Ha KanjiH h 
COOTB eTCTBeHHO CHJIbHOMy yBCJIHHCHMIO 
nOBepXHOCTH KOHTaKTa (j)a3, HTO, HeCMOTpa Ha 
to, hto K03(J)(J)Hii,HeHT MacconcpeaaHH 
HecKOJibKO yMCiibinaciCM H3-3a iipoaojibiibix 
11 CpC M C LUC IIH H, BCe paBHO npHBOAHT K 
HHTeHCH(J)HKaii,HH npoiiecca. 


Jlesxafi 

MUOKOCmb 



Hcnojib30BaHHe u,eHTpo6e>KHbix chji aBJiaeTca 
3(J)(|)eKTHBHbIM CpeflCTBOM yjiyMUICUHa He 
TOJibKO CMCinuBaiiHa, ho h pa3acjiciiHa (})a3 
npn 3KCTpaKH,HH. 


V s Tnxejias) 

- SKOdKOCmb 


102 Bonpoc. KoHCTpyKpHH annapaTOB /jjih pacTBopeHHH h 3KCTpanipoBaHHH (cncTeMa 
TBepaoe TeJio - acn/iKOCTb) 

AnnapaTbi c iienoABHMHbiM cjioeM TBepAoro MaTepnajia. B sthx annapaTax 
CKOpOCTb iIBHJKeHHH JKHilKOCTH fipH Ce 4)HJlbTpOB3HHH CKB03b C./IOH npaKTHMe- 
ckh coBria^aeT no Be.iHMHHe h HanpaBJieHHio co CKopocTbio o6TeKanHH. npo- 
cTeHuiHM. armapaTOM Tanoro Tuna HBJinercH OTKpbiTbin pe3epByap c jioxcHbiM 
AHHmeM (peineTKOH), n 0 J 106 HbIH OTKpbITOMy HyTM-(|)H-TbTpy (CM. CTp. 199). 
Ha peujeTKy 3 arpy>KaeTCH c^ofl TBepaoro MaTepnajia, qepe3 KOTopbin CBepxy 
bhh 3 npoTexaeT pacTBOpHTejib. Flpn TanoM HanpaBJienHH flBHweHHH WHAKOCTb 
paBHOMepHO 3ario^H«eT ceqeHne annapaTa h He nponcxoAHT CMeineHHn 6o;iee 
KOHUeHTpHpOBaHHOro paCTBOpa C paCTBOpOM HH3K0H KOHUeHTpaUHH, npHBO- 
flnmero k chhwchmo ABHwymeH CHJibi. Bbirpy3Ky BbimeJiaqeHHoro TBepaoro 
ocTaTKa npoH3Bo;iHT riepnoiiHqecKH, name Bcero rnjipaBJiHMecKHM cnocofioM — 
BbiMbiBaa TBepAbiH MaTepna.i H3 anriapaia bojioh. 

H P h ABH>KeHHH >KH£KOCTH CKB03b CJIOH OTHOCHTeJIbHO He60JIbliI0H BbICOTbJ 
He yaaeTca noJiyqHTb pacTBop floeraTonHo bbicokoh KOHU.eHTpaunn. Hcnojib- 
30Banne unpKy.iHiiHH ^(hakocth juih yKperueHHH pacTBopa Heue^ecoo6pa3Ho 
BBH^y yKa3aHHoro Bbime BpeaHoro stJxjieKTa CMemeHHH pacTBopoB pa3Hoft koh- 
ueHTpauHH. IloaTOMy noBbriueHHH CTenenH H3B„ieqeHHH h yBeaHqenHH npo- 
H3BOiiHTejibHOCTH npHMeHflioT repMeTHqecKH 3aKpbiTbie annapaTbr c Jio>KHbiM 
AHHUteM, no^oGiibie 3aKpbiTbiM HyTq-4)H./ibTpaM, nojiyqHBUJHe Ha3aaHHe hh(J)- 
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Hncj4>y30p (pHC. XII 1-30, a) COCTOHT H3 UHJIHHflpHMeCKOrO Kopnyca /, 
jro>KHoro AHHma, hah peiueTKH, 2 h otkhahopo AHHiua 3. Cbokhh pacrBopHteAb 
nocrynaeT qepe3 urryuep 4, a KOHeqHbiH pacTBop yAaAfleTca qepe3 urryuep 5. 
/Incfxj)y3opbi coeflHHHFOTCH rrocAeAOBareAbHo b 6aTapen h paOoTaioT iioa H36bi- 
ToqHbiM AaBJieHneM. Flpn 3 tom pactBopHTeAb npoKaqHBaeTCfl oahhm HacocoM 6 
CHH3y BBepx nocAeAOBaTeAbHO qepe3 Bee annapaTbi OaTapew, b KOTopbix b AaH- 
huh MOMeHT npoHexoAHT BbimeAaqHBanHe. 06mee mhcao AHcjxt)y3opoB b Oaiapee 
33BHCHT ot cKopocTH npouecca h Mo>KeT AOCiHratb 10—15 h 6ojiee. B Aio6oft 
paccMaTpHBaeMbift momcht oahh H3 annapaTOB, b kotopom y>Ke AocTHTHyTa 
3aAaHHaa CTenenb H3BAeqeHHH, oiKAioqaeTCfl Ha pa3rpy3Ky BbimeAoqeHHoro 
MaiepHaJia h 3arpy3Ky cbokhm MaTepuaAOM. B 3to BpeMH b ocraAbHbix anna- 
paTax (HCKAfoqan oahh H3 annapaTOB, HaxoAHniHHca o6bmHo b pe3epBe) ocy- 
mecTBAHeTca BbimeAaqHBaHne. riepHOAHHecKaa pa3rpy3Ka BHmeJioqeHHoro 



a 



Phc. XIII -30. CxeMa sKctpaKUHB (BHmeAaqHBaHUH) b fiatapee flH(tx})y3opoB: 



Phc. XI11-31. lUHeKOBbivi 

BKCTpaKTOp: 

/ — ropH30HTajIbHOe KOptJTO (*e- 
no6); 2 — Baa; 3 — cnHpaabHbie 
jionacTH; 4 — KpecTosHna; 5 — 
urryiiep fljijj Booaa TBepaoro Ma- 
TepHaaa; 6 — rnTyuep a.na BBO/ia 
CBCJKcro' pacTBopHTejn?; 7 —ao- 
naCTB-CKpefiKM; 8 — cotijio; 9 — 
KosupbKH; 10 — 9j:eBaTop; // — 
kobuih; 12 — uiTyuep Ann cnHBa 

>KHflKOCTH. 
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Phc. XIII-32. BapafiaHHufi 9KCTpaKTop: 

/ — ropH30HTa.ibHbirt uHAHHAPnqecKMn 6apa6att; 2 — 
nepe^Hfln KpwuiKa; 3 — aa^nns xpbiuiKa: 4 — tUTyuep 
AJih BBOfla TBepfloro MaTepna^ia; 5 — Canaan; 6 — 
onopnufi po^hk; 7 — ayO^aTan nepe 4 a*ta; 8 — MepBflM- 
Hhifl peAyKTop; 9 — a^eKTpoABHraTejib; 10 — JionacTH; 
II — mTyuep a-ba otBOAa KOHuetiTpHpoBa hkoto pac- 
TBopa h TBepAoro ocTaTKa; 12 — TenjiOBaa H3 ojihuhh. 



Phc. XI11-33. TpytfqaTbiH 3KCrpaKTop: 

I — Tpy6a; 2 — Hacoc: 3 — naposan py6auiKa; 
4 t- lUTypep abboas rxpoMUBHOfl boau. 











